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Disclaimer 
EPA does not consider this internal planning document an official Agency dissemination of 
information under the Agency's Information Quality Guidelines, because it is not being used to 
formulate or support a regulation or guidance; or to represent a final Agency decision or position. 
This planning document describes the overall quality assurance approach that will be used during 
the research study. Mention of trade names or commercial products in this planning document 
does not constitute endorsement or recommendation for use. 
  
The EPA Quality System and the HF Research Study 
EPA requires that all data collected for the characterization of environmental processes and 
conditions are of the appropriate type and quality for their intended use.  This is accomplished 
through an Agency-wide quality system for environmental data.  Components of the EPA quality 
system can be found at http://www.epa.gov/quality/.  EPA policy is based on the national 
consensus standard ANSI/ASQ E4-2004 Quality Systems for Environmental Data and 
Technology Programs:  Requirements with Guidance for Use.  This standard recommends a 
tiered approach that includes the development and use of Quality Management Plans (QMPs).  
The organizational units in EPA that generate and/or use environmental data are required to have 
Agency-approved QMPs.  Programmatic QMPs are also written when program managers and 
their QA staff decide a program is of sufficient complexity to benefit from a QMP, as was done 
for the study of the potential impacts of hydraulic fracturing (HF) on drinking water resources.  
The HF QMP describes the program’s organizational structure, defines and assigns quality 
assurance (QA) and quality control (QC) responsibilities, and describes the processes and 
procedures used to plan, implement and assess the effectiveness of the quality system.   The HF 
QMP is then supported by project-specific QA project plans (QAPPs).  The QAPPs provide the 
technical details and associated QA/QC procedures for the research projects that address 
questions posed by EPA about the HF water cycle and as described in the Plan to Study the 
Potential Impacts of Hydraulic Fracturing on Drinking Water Resources (EPA/600/R-
11/122/November 2011/www.epa.gov/hydraulic fracturing).  The results of the research projects 
will provide the foundation for EPA’s 2014 study report.   
 
This QAPP provides information concerning the Wastewater Treatment and Waste Disposal 
Stage Projects of the HF water cycle as found in Figure 1 of the HF QMP and as described in the 
HF Study Plan.  Appendix A of the HF QMP includes the links between the HF Study Plan 
questions and those QAPPs available at the time the HF QMP was published. 
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QAPP Quality Assurance Project Plan 
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A4 PROJECT/TASK ORGANIZATION 

The overall project management and distribution of responsibilities among the project personnel 
are described in this section.  Figures A4.1 and A4.2 show the project organization chart and 
Table A4.1 presents the project roles and responsibilities of the various project staff.   

Dr. Christopher A. Impellitteri, EPA ORD/NRMRL/WSWRD at EPA AWBERC is the 
principal investigator (PI) of the project.   Dr. Impellitteri is responsible for planning and 
coordination of field sample collection, transportation, processing and preservation, storage, 
distribution, preparation, analyses, data analyses and final report/manuscript preparation.  Dr. 
Impellitteri will also serve as Technical Research Lead and liaise with other parties including the 
EPA Office of Water and wastewater treatment utilities in EPA Region 3.    

Mr. Craig L. Patterson, P.E., EPA ORD/NRMRL/WSWRD at the EPA Test and Evaluation 
(T&E) Facility is the EPA Work Assignment (WA) Manager of the project.  Mr. Patterson is 
responsible for overall technical direction of Work Assignment (WA) 2-64 under EPA Contract 
EP-C-11-006 and ensuring that the data deliverables received from Pegasus Technical Services, 
Inc. (Pegasus) satisfies the project objectives.  Mr. Patterson is also responsible for overall 
technical direction of WA 3-02 (EPA Contract EP-C-09-041) and ensuring that the data 
deliverables received from Shaw Environmental & Infrastructure, Inc. (Shaw) satisfies the 
project objectives. 

Mr. Kit Daniels, EPA ORD/NRMRL/WSWRD at EPA AWBERC serves as the EPA Project 
Scientist.  Mr. Daniels is responsible for collection, preservation, transportation, processing and 
distribution of field samples.  He is also responsible for maintaining a chain of custody form for 
the samples.  Mr. Daniels may also prepare and deliver samples to the EPA T&E Facility at the 
direction of the EPA WA Manager or the PI. 

Dr. Samuel Hayes, EPA Office of Research and Development (ORD)/National Risk 
Management Research Laboratory (NRMRL)/Water Supply and Water Resources Division 
(WSWRD) at the EPA AWBERC in Cincinnati, Ohio serves at the WSWRD Associate Division 
Director. 

Dr. John Olszewski, EPA ORD/NRMRL/WSWRD at EPA AWBERC serves as the EPA 
WSWRD Quality Assurance (QA) Manager with the responsibility for QA review of the QAPP, 
conducting QA assessments, and QA review of all deliverables. 

Ms. Holly Ferguson, EPA ORD/NRMRL at EPA AWBERC serves as the NRMRL 
Environmental Technology Assessment, Verification and Outcomes QA Manager and is 
responsible for QA review of the QAPP, conducting QA assessments, and QA review of the final 
report.       
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Mr. Michael Moeykens and Mr. Stephen Wright, U.S. Environmental Protection Agency 
(EPA), at the Andrew W. Breidenbach Environmental Research Center (AWBERC) in 
Cincinnati, Ohio serve as the Project Officer for EPA Contract No:  EP-C-11-006 (awardee: 
Pegasus Technical Services, Inc.) under which this QAPP is being written.   

Dr. Karen Koran, with Pegasus serves as the Pegasus Project Manager for the Pegasus Contract 
and is responsible for overall management of Pegasus Contract activities conducted by Pegasus 
and Pegasus subcontractors.   

Dr. Raghuraman Venkatapathy, with Pegasus serves as the Pegasus On-Site Technical 
Manager for the Pegasus Contract and is responsible for management of the Pegasus On-Site 
Program, supervision of On-Site Pegasus Team Staff, providing Pegasus Team staff training on 
the requirements of this QAPP, and maintaining personnel training and qualification records for 
the On-Site WA Leaders and staff.  Dr. Venkatapathy will serve as the main point of contact for 
receiving samples from the field sampling team, and shipping samples to the EPA T&E Facility 
and other labs for sample analysis. He is also responsible for ensuring that this QAPP and WA 2-
64 deliverables receive an internal full, independent, and documented review by conducting the 
actual review, ensuring that review comments are adequately addressed prior to final delivery or 
use of the document, and ensuring that environmental data generated under WA 2-64 are 
performed in accordance with this QAPP. 

Mr. Steven Jones, ASQ CQA/CQE, with Shaw, a subcontractor to Pegasus for WA 2-64, 
serves as the Contract QA Manager for the Pegasus Contract.  Mr. Jones also serves as the Shaw 
QA Manager for the Shaw T&E Facility Contract (EPA Contract EP-C-09-041).  Mr. Jones is 
responsible for oversight of Quality Management Plan (QMP) quality program implementation 
for both contracts, QA review of WA 2-64 and WA 3-02 documents and deliverables, providing 
guidance for and verifying implementation of quality program requirements as described in this 
QAPP, and conducting project assessments.  Under the Pegasus Contract, Mr. Jones reports to 
the Pegasus President and CEO and is organizationally independent of WA 2-64 project data 
collection efforts.  Under the Shaw T&E Facility Contract, Mr. Jones reports to the Shaw 
Corporate Quality Manager and is organizationally independent of the WA 3-02 project data 
collection efforts. 

Mr. Brahm Prakash with Shaw, a subcontractor to Pegasus for WA 2-64, serves as the On-Site 
WA Leader for this Pegasus On-Site WA and is responsible for trihalomethanes (THM), free 
chlorine, pH, and conductivity analyses.  The On-Site WA Leader is also responsible for 
coordinating the submittal of deliverables to the Pegasus On-Site Technical Manager and 
Contract QA Manager for review, maintaining project records, including chain of custody forms 
for received samples, receiving samples from the EPA, preparation of samples for shipment and 
analysis, maintaining documentation for standard preparation and sample analysis, performing 
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sample analysis, verifying that analytical data generated meets the requirements of this QAPP, 
data entry/reporting, and ensuring that deliverables are peer reviewed prior to submittal to EPA.   

Dr. Robert Grosser, Mr. Joshua Kickish and Mr. Colin White with Pegasus will serve as 
project scientists. They will conduct the day-to-day experiments described in this QAPP under 
the direction of the On-Site Technical Manager. At the conclusion of each experimental time 
point, the Project Scientists will transfer the THMs, pH, conductivity and free chlorine analysis 
samples to Mr. Prakash for analysis along with appropriate chains of custody. They will also 
transport the remaining samples (alkalinity, anions, DOC, TDS/TSS and TOC) in hard-sided 
coolers (maintained at 4 ± 2 ºC) as well as appropriate chains of custody to EPA’s T&E Facility 
(point of contact: Dr. Gune Silva) or to the University of Cincinnati (UC; point of contact: Dr. 
Pablo Campo-Moreno) for their analysis. While anion samples will always be delivered to T&E, 
and alkalinity samples will always be delivered to UC, the remaining samples (DOC, TSS/VSS 
and TOC) will be delivered to either T&E or UC, depending on the work load of the analysts at 
the two facilities. Dr. Grosser and Mr. White will also be responsible for SUVA analysis.   

Mr. Radha Krishnan, P.E., with Shaw serves as the Shaw Program Manager for the Shaw T&E 
Facility Contract and is responsible for overall project management, program coordination, and 
management review of Shaw Team deliverables to EPA.  Mr. Krishnan is also responsible for 
ensuring that environmental data generated by the Shaw Team for this project under WA 3-02 
are performed in accordance with this QAPP,  that deliverables receive an internal full, 
independent, and documented review by conducting the actual review, and ensuring that review 
comments are adequately addressed prior to final delivery or use of the document. 

Mr. Paul C. Kefauver with Shaw serves at the Shaw Compliance and Permits Specialist for the 
Shaw T&E Facility Contract and is responsible for coordinating and maintaining facility-specific 
training records for the Shaw Team staff. 

Dr. Gune Silva with Shaw serves as the Shaw Project Leader for the Shaw T&E Facility 
Contract and is responsible for project planning and coordination of day-to-day activities that are 
conducted by the Shaw Team staff, and overseeing the activities conducted by the Shaw Team 
staff to ensure implementation of the requirements as stated in this QAPP.  Dr. Silva serves as 
the primary point of contact for all WA 2-64 (under EPA/Pegasus Contract EP-C-11-006) 
samples that are shipped/delivered to the EPA T&E Facility for sample processing/analysis.  All 
samples at the T&E Facility will be processed under WA 3-02 of EPA/Shaw Contract EP-C-09-
041. The Shaw Project Leader is also responsible for coordinating the submittal of deliverables 
to the Shaw Program Manager and Shaw QA Manager for review, providing Shaw Team staff 
training on the requirements of this QAPP, maintaining project records, including chain of 
custody forms for received samples, preparation of samples for analysis, maintaining 
documentation for standard preparation and sample analysis, sample analysis, verifying that 
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analytical data generated by the Shaw Team staff meet the requirements of this QAPP, data 
entry/reporting, and ensuring that deliverables are peer reviewed prior to submittal to EPA.   

Ms. Jill Webster and Ms. Nancy Shaw with Shaw at the EPA T&E Facility serves as the Shaw 
Project Scientists.  Ms. Webster is responsible for Ion Chromatography (IC), total organic carbon 
(TOC), total dissolved solids (TDS) and total suspended solids (TSS) analyses that will be 
performed for this WA.  Ms. Webster will be responsible for preparation of samples for analysis, 
maintaining documentation for standard preparation and sample analysis, sample analysis, 
implementing the QA/QC requirements for sample analyses as specified in this QAPP, and data 
entry/reporting.  Ms. Nancy Shaw will provide support for TDS and TSS analyses as needed. 

Dr. Pablo Campo-Moreno with UC serves as the WA Leader for the experiments and analyses 
being performed at UC, and is responsible for project planning and coordination of day-to-day 
activities that are conducted by the UC staff, and overseeing the activities conducted by the UC 
staff to ensure implementation of the requirements as stated in this QAPP.  Dr. Campo-Moreno 
is the primary point of contact for all WA 2-64 samples that are shipped/delivered to UC for 
sample processing/analysis.  The WA Leader is also responsible for coordinating the submittal of 
deliverables to the Pegasus On-Site Technical Manager and Pegasus Contract QA Manager for 
review, ensuring that the UC staff received training on the requirements of this QAPP, 
maintaining project records, including chain of custody forms for received samples, sample 
analysis, verifying that data generated by the UC staff meet the requirements of this QAPP, data 
reporting, and ensuring that deliverables are peer reviewed prior to submittal to EPA. 

Mr. Shahram Ghasemzadeh, with UC serves as the UC Project Scientist. Mr. Ghasemzadeh 
will be responsible for assisting the UC WA Leader with the maintenance of instruments, 
preparation of samples for analysis, maintaining documentation for standard preparation and 
sample analysis, sample analysis for alkalinity, DOC, TDS/TSS and TOC, implementing the 
QA/QC requirements for sample analyses as specified in this QAPP, and data entry/reporting.  
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Table A4.1 Project Roles and Contact Information 

Name of Person/Affiliation Project Role Phone Number, email 

Christopher A. Impellitteri, Ph.D./ 
EPA 
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Impellitteri.Christoper@epa.gov 

Craig L. Patterson, P.E./ EPA WA Manager 513-487-2805, 
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Assessment, Verification and Outcomes 
QA Manager 
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Ferguson.Holly@epa.gov  

Michael Moeykens/ EPA 
 

Pegasus Contract Project Officer 513-569-7196, 
Moeykens.Michael@epa.gov 

Stephen Wright /EPA Pegasus Contract Project Officer 513-569-7610, 
Wright.Stephen@epa.gov  

Karen Koran, Ph.D. /Pegasus Project Manager 513-569-7304, 
Koran.Karen@epa.gov 

Steven Jones, ASQ CQA/CQE/ 
Pegasus Subcontractor (Shaw) 

Pegasus Contract QA Manager/ 
Shaw QA Manager 

513-782-4655, 
Steven.Jones@shawgrp.com  

Raghuraman Venkatapathy, Ph.D./ 
Pegasus 

On-Site Technical Manager 513-569-7077, 
Venkatapathy.Raghuraman@epa.gov 

Brahm Prakash/Pegasus Subcontractor 
(Shaw)  

On-Site WA Leader 513-569-7945, 
Prakash.Brahm@epa.gov  

Robert Grosser, Ph.D./Pegasus On-Site Project Staff 513-569-7529, 
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Joshua Kickish/Pegasus On-Site Project Staff 513-569-7485, 
Kickish.Joshua@epa.gov 

Colin White/Pegasus On-Site Project Staff 513-569-7708, 
White.Colin@epa.gov 

E. Radha Krishnan, P.E. /Shaw Program Manager/Project 
leadership/peer review 
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Radha.Krishnan@shawgrp.com  

Paul C. Kefauver/Shaw Compliance and Permits Specialist 513-569-7057 
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Shaw.Nancy@epa.gov 

George Sorial, Ph.D./ Pegasus 
Subcontractor (UC) 

UC Manager (513) 556-2987, 
sorialga@ucmail.uc.edu 

Pablo Campo-Moreno/ Pegasus 
Subcontractor (UC) 

UC WA Leader (513) 556-3637, 
campomp@ucmail.uc.edu 

Shahram Ghasemzadeh/ Pegasus 
Subcontractor (UC) 

UC WA Support Staff (513) 556-3640 
ghasemsm@mail.uc.edu 
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A5 PROBLEM DEFINITION/BACKGROUND 

Hydraulic fracturing (hydro-fracking, HF) is widely used to extract oil, shale gas and coal bed 
methane.  This practice for oil and gas exploration causes major challenges for water 
consumption and management because it consumes a large volume of fresh water and generates 
the largest single stream of contaminated flow-back wastewater.  This flow-back water typically 
contains high levels of dissolved solids (including chloride and bromide salts), heavy metals, and 
hydrocarbons from natural sources as well as chemical additives from various stages of the oil 
and gas exploration process.  In general, treatment of water from oil and gas exploration 
activities has occurred through either admixture to normal wastewater inputs or post-treated 
wastewater.  However, to date, the impacts of such inputs, and in particular, the effects of high 
TDS levels on subsequent water disinfection have not been ascertained. The elevated TDS levels 
are of particular concern because wastewater treatment is not effective at their removal. 

Literature studies on the effects of bromide ions under chlorination disinfection conditions have 
demonstrated increased propensity for the formation of brominated disinfection by-products 
(DBPs) upon reaction with natural organic material (NOM), and although the highest levels were 
observed upon ozonation, chlorination/chloramination also produce brominated DBPs.1,2 
Brominated DBPs are considerably more toxic than corresponding chlorinated DBPs, in addition 
to being of higher molecular weight (which would mean reduced concentrations would be 
needed to exceed maximum concentration limits), and it is accordingly of interest to EPA to 
assess and quantify the effects of flowback water on DBP generation.  

HF techniques produce a large quantity of wastewaters which may be sent to wastewater 
treatment facilities (WWTFs), or treated on site for reuse.  In any treatment scenario, there is a 
final waste product that must be managed.  In some regions, wastewaters from oil and gas 
exploration activities (hereafter referred to as OGWW) were treated by publically owned 
treatment works (POTWs) either by mixing at the headwaters or blended with the POTW 
effluent.  Since 2011, volumes of OGWW treated by POTWs have drastically declined.  
Currently, the bulk of oil and gas wastewater treated for discharge to surface water is performed 
by commercial WWTFs; however, the industry is rapidly moving toward zero discharge and 
reuse technologies.  The impact of effluent discharge into surface water sources on drinking 
water treatment has not yet been evaluated, nor is it clear at this point the extent of dilution upon 
arrival at drinking water input streams. The results of this study will be used for refinement of 
the conditions employed in treating high TDS containing waters.  

Accordingly, the research objective for this project is to evaluate the effects of high TDS and 
NOM upon chlorination of oil and gas exploration impacted waters and the formation of 
disinfection by-products such as THMs. As part of conducting the experiments described in this 
QAPP, OGWW was collected from 5 sources in the Marcellus Shale Region of the Eastern 
United States. Prior to conducting experiments with these waters, the water samples will be 
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analyzed for several variables including DBPs, TOC, anions, TDS, TSS, pH, free chlorine and 
conductivity. Since the main aim of this project is to determine the effect of high TDS and NOM 
upon chlorination of OGWW and since the aim is not to determine the values of these variables 
for waters that are representative of their respective field locations, the water samples will be 
shipped to EPA AWBERC in coolers without any preservatives. The results of these analyses 
will not be reported in any product; they will only be used to provide information needed to 
design the chlorination experiments.  All samples will be analyzed prior to start of the 
experiments (time = 0) to provide a baseline against which the results of the experiments 
described under this QAPP will be compared.       
 
A6 PROJECT/TASK DESCRIPTION 

A6.1 Evaluation of the effects of high TDS upon chlorination of HF-impacted waters 

It is known that the amount and type of TDS and halide content in water can influence aqueous 
chemistry, particularly upon water treatment/disinfection. This is particularly true with water 
which has been impacted by wastewater input from a variety of industrial/resource extraction 
processes. In this component of the study, we will evaluate the effect of chlorination on WWTF 
effluent water samples while varying TDS and NOM (as measured by TOC). These effluent 
water samples (hereafter referred to as WWTF effluent) are obtained from the effluent of 
wastewater treatment plants that have treated OGWW (hereafter referred to as WWTF influent). 
In addition to WWTF influent (originating from the trucks bringing OGWW to the WWTF for 
treatment), Ohio River water (hereafter referred to as surface water) is obtained to serve as a 
matrix diluent. Waters (WWTF influent, WWTF effluent) from five sources in the Marcellus 
Shale Region will be used for this study. The five sampling sites include Mt. Pleasant, PA 
(WWTF influent and effluent), Josephine, PA (WWTF influent and effluent), Williamsport, PA 
(WWTF influent and effluent), Warren-WWTF, OH (WWTF effluent) and Warren-Patriot, OH 
(WWTF influent and effluent). The WWTF influent and effluent samples were collected on 
August 19, 2013 (Mt. Pleasant), 20 (Josephine), 21 (Williamsport) and 22 (Warren) and stored in 
a refrigerated truck. In addition, 60 liters of surface water sample were obtained from Josephine, 
PA, at a point upstream of the effluent discharge point into the Blacklick Creek. Since the main 
aim of this project is to determine the effect of high TDS and NOM upon chlorination of 
OGWW, and since the aim is not to determine the values of these variables for waters that are 
representative of their respective field locations, the water samples were shipped to EPA 
AWBERC in a refrigerated truck without any preservatives.  In addition, due to large amounts of 
surface water (~380 liters) required to conduct the experiments described in this study is more 
than the amount (60 liters) collected in the field, and because it would be beneficial to conduct 
all experiments using the same surface water matrix, approximately 420 liters of surface water 
from the Ohio River was collected prior to the start of the experiments described in this study. 
For this study, Ohio River water was collected on October 31, 2013 from a sampling port 
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connected to the intake pump at the Richard Miller water treatment facility in California, OH, 
and transported by a flat-bed truck to EPA AWBERC. All WWTF influent, WWTF effluent and 
surface water samples were stored in Cold Temperature Room 613 upon arrival at EPA 
AWBERC (4 ± 2 ºC).  As with the WWTF influent and effluent samples, no preservatives were 
added to the surface water (Ohio River water) sample. The containers used for sample collection 
are listed in Table B1.1.  

Formation of THMs has been shown to be dependent on a variety of factors in source water, 
including the character of NOM, the presence and concentration of halogen salts, temperature, 
water treatment methods and pH. The components of this study include assessing THM 
formation potentials taking place in WWTF effluent water to be obtained from five sources, 
which can have their own characteristics, including endogenous levels of TOC, anions, TSS and 
TDS. WWTF influent waters are not expected to be used in any of the experiments described in 
the QAPP; however, these waters will be collected and analyzed to determine endogenous levels 
of TOC, anions, TDS, TSS and THMs in case these waters need to be used in the experiments in 
place of WWTF effluent samples (e.g., when bromide concentrations in the effluent are low, and 
only influent waters can be used to meet the desired bromide levels in the experiments). All 
experiments in this study will be conducted with deionized (DI) water or surface water (with and 
without fortification with WWTF effluent), which may also contain endogenous levels of TOC, 
anions, TDS, TSS and THMs. Hence, all water samples that are to be used in conducting the 
experiments will be analyzed for the presence of THMs, and background concentrations of TDS 
and TOC prior to the start of the experiments in this section to ensure that background effects are 
properly taken into consideration while evaluating the effects of high TDS on chlorination of 
OGWW. Other variables that will be measured for all water samples include pH, conductivity, 
anions concentration, alkalinity, Specific Ultraviolet Absorbance SUVA (absorbance at 254 nm 
to measure the aromatic characteristics of dissolved organic matter), TSS and free chlorine. The 
parameters that will be evaluated for this study are shown in Table A6.1. Since the samples are 
not being preserved in the field, and since some analyses will not be conducted within their 
respective holding times, the analyses values will not be considered representative of field values 
at any time during this study and will not be reported as such. 

The enhanced formation of disinfection by-products as a result of high halide levels in water has 
been previously documented in the literature (Chowdhury, S.; Champagne, P.; McLellan, P.J.; 
2009) (Yang, G.; Shang, C.; 2004). Elevated levels of dissolved bromide, in particular, have 
been implicated in the formation of brominated DBPs, which demonstrate significantly higher 
toxicity than chlorinated equivalents. As such, it is of interest to assess the implications of high 
chloride and bromide levels on THM formation. In addition, the use of five water sources from 
areas impacted by resource extraction techniques will assist in determining whether variances in 
HF water chemistry have an impact on THM formation in conjunction with elevated halide 
concentrations.  Table A6.1 lists the THMs for this study. 
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Table A6.1 List of critical and non-critical parameters that will be evaluated for this study 

THMs CAS Number Measurement Importance 
Bromodichloromethane 75-27-4 Critical 
Bromoform 75-25-2 Critical 
Chloroform 67-66-3 Critical 
Dibromochloromethane 124-48-1 Critical 
Anions CAS Number Measurement Importance 
Bromide 7726-95-6 Critical 
Chloride 16887-00-6 Critical 
Fluoride 7782-41-4 Non-critical 
Nitrate 84145-82-4 Non-critical 
Nitrite 14797-65-0 Non-critical 
Phosphate 98059-61-1 Non-critical 
Sulfate 7664-93-9 Non-critical 
NOM Measurement Importance
TOC Critical 
General Chemistry Water Parameters Measurement Importance
Free Chlorine Critical 
pH Critical 
Alkalinity Non-critical 
SUVA Non-critical 
Conductivity Non-critical 
TDS Non-critical 
TSS Non-critical 
 

Bench-scale experiments using 1 L reactors (amber glass jars) on stir plates will be performed to 
assess the effects of elevated bromide and chloride levels on disinfection by-product (DBP) 
(THMs) formation in several water matrices. Experiments in this study will focus on water 
samples including: de-ionized water, de-ionized water fortified with commercially-available 
NOM, surface waters and WWTF effluent sources. All experiments will be conducted in EPA 
AWBERC Lab 682 or in Lab 674-676.  Anions, alkalinity, DOC, TDS and TOC will be analyzed 
off site at the EPA T&E Facility or at UC.  THM samples will be analyzed on site in EPA 
AWBERC Lab 668, while the remaining variables will be analyzed in EPA AWBERC Lab 682 
or 674-676. 

Chlorination of water samples (Appendix A) will be performed to explore the effects of halogen 
ion content on overall formation of THMs. This will be accomplished through analysis for THM 
formation using EPA Method 551.1, following disinfection of water samples.  Variables to be 
explored include: 

• Concentration of disinfectant  
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• Halogen ion concentration (bromide; Cl:Br ratio of 100:1, or the ratio found in surface 
water will be maintained in all experimental samples through addition of NaCl) 

• Water source (see Table A6.2) 
• Duration of disinfection (or contact time) 
• TOC concentration 

THMs will be assessed in the water matrices (laboratory DI water, WWTF effluent and surface 
water), with the addition of varying bromide concentrations, varying chlorine disinfectant 
concentrations and varying the duration of disinfection. Chloride concentrations will be adjusted 
in each reactor using NaCl to maintain a Cl:Br ratio of 100:1, or the levels found in surface water 
(whichever is higher). All experiments will start at the time of addition of the disinfectant (time = 
0). Surface water samples will be collected from the Ohio River. WWTF influent samples will be 
collected directly off of the trucks that transport these waters to the WWTFs or at the point of 
discharge from the trucks into the WWTF. WWTF effluent water samples will be collected from 
the discharge pipes of the WWTF. Though WWTF influent samples are not expected to be used 
in any of the experiments described in this QAPP, the influent is being collected in case samples 
need to be fortified at concentrations higher than those available in the WWTF effluent samples. 
All source waters (WWTF influent, WWTF effluent and surface water) will be analyzed for 
ambient THMs, anions, TOC, TDS, TSS, pH, residual chlorine and conductivity to obtain 
estimates of these values. These estimates will be used to plan the chlorination experiments with 
these source waters, including approximate amounts of NOM, chloride and bromide to add for 
each experiment. Since the experiments described in this QAPP are expected to be conducted 
over the course of 3-4 months, these waters will be analyzed for ambient THMs, anions, TOC, 
TDS, TSS, pH, residual chlorine, conductivity, alkalinity and SUVA just prior to starting the 
experiments. The values obtained during this analysis will allow us to estimate the actual 
amounts of NOM, chloride and bromide to add for each experiment. The remaining variables 
(THMs, other anions, TDS, TSS, pH, residual chlorine, conductivity, alkalinity and SUVA) will 
be used to correct for background levels while performing statistical analyses at the conclusion 
of this study. 

TOC in all non-control samples will be adjusted as needed to 5 mg/L using humic acid from a 
known source such as Sigma-Aldrich.  For experimental samples that involve the use of the 
surface water blended with WWTF effluent, an appropriate amount of the WWTF effluent will 
be added to surface water to achieve the target bromide concentrations for each experiment 
(listed under the column entitled ‘Bromide Concentration (mg/L)’ in Table A6.2). For surface 
waters whose ambient bromide concentrations are lower than 0.05 mg/L, experiments with 
specific bromide concentrations in surface and surface+OGWW samples will be carried out with 
0.05, 0.1 and 0.25 mg/L bromide (last 2 rows of Table A6.2). If the ambient bromide 
concentration in the surface water is higher than 0.05 mg/L, the three experiments mentioned 
previously will be conducted with the surface and surface+OGWW samples spiked with 0.05, 
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0.1 and 0.25 mg/L bromide (final bromide concentration in sample = ambient level + appropriate 
spike amount). The chloride ion concentration in the water samples for each experiment will be 
adjusted using NaCl depending on endogenous levels of bromide and chloride in each 
experimental matrix to keep the bromide:chloride ratio the same in all experiments (similar to 
those found in the environment; approximately 1:100, or those found in the surface water, 
whichever is higher).  

THM formation will be analyzed using EPA Method 551.1 for all experimental samples. TOC, 
anions, free chlorine, and pH will also be monitored. Initial analysis will focus on the 
determination of total THM formation potentials after set reaction times (0, 0.5, 1, 5 or 12 days). 
Samples will be collected from each of the t=0 triplicate reactors prior to the addition of chlorine 
(pre time = 0). For time t=0 samples, samples will be collected from each t=0 reactor 
immediately after the addition of chlorine followed by the addition of a quenching agent. For all 
other reaction times, samples will be collected from each reactor after the addition of the 
quenching agent at the appropriate time (approximately 0.5, 1, 5 or 12 days. All quench and 
sample collection times will be noted in the laboratory notebook). For all experiments, an 
appropriate amount of 0.1M thiosulfate will be added in excess (~1000x free chlorine 
concentration) to quench the reaction at the appropriate time. Experiments will be conducted in 
triplicate at room temperature. In addition, all samples will be buffered at 5 mM using a 
phosphate buffer, and the pH of all samples will be adjusted to 7.5 prior to the start of each 
experiment using sodium hydroxide or nitric acid.  

A single set of experiments using a given sample matrix, disinfection duration and given 
bromide concentration is expected to be conducted at any given time. Depending on the number 
of reactors that can be incorporated in a stir plate, multiple stir plates may have to be used to 
include triplicate samples for each sample matrix (total 18 reactors per sample matrix/bromide 
concentration). All reactors in the stir plates will be started at the same time through the addition 
of free chlorine to the experimental matrix. Each sample location in the stir plate will hold a 
sample that is to be sacrificed at a given time point (pretime, 0, 0.5, 1, 5 or 12 days). Sample 
aliquots for each of the variables monitored will then be collected from the appropriate triplicate 
jars at the appropriate time (one sample aliquot from each of the triplicate jars will be collected 
for each variable to be analyzed). For samples being analyzed at the EPA T&E Facility, the 
samples will be preserved using the preservative listed in Table B2.1, and the person preparing 
the samples will create a chain of custody form for the samples to be transferred for analysis. For 
each variable to be monitored, two additional sample aliquots will be collected from one of the 
three triplicate jars at each time point to determine analytical precision and accuracy for that 
variable. Once the triplicate aliquots are analyzed for that given variable, a %RSD will be 
calculated for that variable. The %RSD for each variable should meet the criteria listed in Table 
B5.1. In addition, for TOC, THMs and anions, an additional aliquot of samples will be collected 
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from a second triplicate jar to perform matrix spike recoveries tests. The recoveries for the 
analytes of interest should meet the criteria listed in Table B5.1. 

The experimental matrix is outlined in Table A6.2: 

Table A6.2  General experimental matrix  

Sample 
TOC 

Concentration 
(mg/L) 

Initial 
Chlorination 

Concentration 
(mg/L) 

Time (days) 
Bromide 

Concentration  
(mg/L) 

Experimental 
QC 

DI Water 
(Control) 

0 0 pretime=0, 0, 
0.5, 1, 5, 12 

n/a Triplicate 

DI Water 5 5 pretime=0, 0, 
0.5, 1, 5, 12 

n/a Triplicate 

DI Water 5 5 pretime=0, 0, 
0.5, 1, 5, 12 

0.05, 0.1, 0.25 Triplicate 

Ohio River 
surface water 

5 5 pretime=0, 0, 
0.5, 1, 5, 12 

Ambient Triplicate 

Ohio River 
surface water 

5 5 pretime=0, 0, 
0.5, 1, 5, 12 

0.05, 0.1, 0.25 Triplicate 

Ohio River 
surface water 
blended with 
effluent from Mt. 
Pleasant 

5 5 pretime=0, 0, 
0.5, 1, 5, 12 

0.05, 0.1, 0.25 Triplicate 

Ohio River 
surface water 
blended with 
effluent from 
Josephine 

5 5 pretime=0, 0, 
0.5, 1, 5, 12 

0.05, 0.1, 0.25 Triplicate 

Ohio River 
surface water 
blended with 
effluent from 
Williamsport 

5 5 pretime=0, 0, 
0.5, 1, 5, 12 

0.05, 0.1, 0.25 Triplicate 

Ohio River 
surface water 
blended with 
effluent from 
Warren-WWTF 

5 5 pretime=0, 0, 
0.5, 1, 5, 12 

0.05, 0.1, 0.25 Triplicate 

Ohio River 
surface water 
blended with 
effluent from 
Warren-Patriot 

5 5 pretime=0, 0, 
0.5, 1, 5, 12 

0.05, 0.1, 0.25 Triplicate 

 
Statistical analysis will involve comparing the THM formation in the control matrix (DI water) 
against the THM formation in each sample matrix/bromide concentration at each time point. It is 
expected that the high TDS concentrations in the OGWW will have an impact on THM 
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formation during the disinfection process. The effect of TDS on THM formation will be 
determined using Analysis of Variance (ANOVA) for each of the critical THMs. The null 
hypothesis for this analysis is that the THM concentrations in the control (DI water with no 
chlorination) are not equal to the concentrations in the other experimental matrices. The 
alternative hypothesis for this analysis is that at least one of the concentrations is equal. All 
statistical analysis will be carried out at α = 0.05 significance level. 
 
A6.2  Project Schedule 

Activities for this WA will be performed from October 2012 to April 2014. The project 
schedule and main activities to be conducted are shown in Table A6.3. 

 
Table A6.3 Project Schedule 

 
Oct 
2012 

Dec 
2012 

Feb 
2013 

Apr 
2013 

Jun 
2013 

Aug 
2012 

Oct 
2013 

Dec 
2013 

Feb 
2014 

Apr 
2014 

QAPP Preparation          

Field Sampling      

Experimental Tasks      

Sample Analysis       

Data Verification/Validation      

Monthly Reports      

Report Writing      

Report Submission      

 
Monthly progress reports will be submitted by Pegasus and Shaw to the EPA WA Manager. At 
the conclusion of this study, an interim summary report will be submitted by the Pegasus Team 
to the EPA WA Manager. Two weeks after receiving comments from EPA, a final report on this 
study will be submitted to the EPA WA Manager. 
 
A7 QUALITY OBJECTIVES AND CRITERIA 

This is an EPA NRMRL Category I research project.  In order to address the project objectives, 
generation of reliable data is vital.  It is widely known that environmental samples are 
heterogeneous and variable even at micro-scale.  Thus, the chances of controlling the variability 
in environmental samples will be difficult.  Sample collection utilizing homogenization with 
equal proportion, maintaining at the same oxidation/reduction status, and storage at cold 
conditions (at 4±2°C) can help minimize further variability.  Additionally, the use of calibrated 
measuring and weight equipment, appropriate laboratory ware, unadulterated chemicals, using 
high purity chemicals and solvents from the same vendor as well as maintaining quality control 
measures during sample analysis further strengthens the generation of reliable data.  The QA/QC 
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and verification criteria for the analytical methods used during this project are discussed in 
Section B.   
 

A8 SPECIAL TRAINING/CERTIFICATION 

All personnel performing laboratory research activities at EPA AWBERC and field sampling 
activities will complete the training required by the EPA Cincinnati Chemical Hygiene Plan.  
The Health and Safety Plan (HASP) on file also includes information on the project-specific 
safety training and requirements.  

All personnel working at the EPA T&E Facility must have completed the Occupational Safety 
and Health Administration (OSHA) 40/24-hour Hazardous Waste Operations and Emergency 
Response (HAZWOPER) and Resource Conservation and Recovery Act (RCRA) 8-hour 
training.  In addition, personnel performing laboratory and field sampling activities will complete 
training required by the EPA Cincinnati Chemical Hygiene Plan.  The Health and Safety Plan 
(HASP) on file also includes information on the project-specific safety training and 
requirements. EPA T&E Facility-specific training documentation is maintained by the Shaw 
Compliance and Permits Specialist at the EPA T&E Facility for Shaw Team staff.   

Within one week of endorsement of this QAPP by EPA, the Pegasus On-Site Technical Manager 
will provide training to the Pegasus Team staff at EPA AWBERC on the QAPP requirements, 
while the Shaw Project Leader for the Shaw T&E Facility Contract will provide training to the 
Shaw Team staff at the EPA T&E Facility on the QAPP requirements. QAPP requirements 
training for EPA staff will be handled by the EPA PI or EPA WA Manager. 

As required by the EPA ORD Policies and Procedures Manual, Section 13.4 Quality Assurance/ 
Quality Control Practices for ORD Laboratories Conducting Research, analyst proficiency to 
perform sample analysis in accordance with an approved analytical method will be demonstrated 
and documented for staff assigned to perform sample analysis in support of this WA.  The 
following must be completed by the analyst to demonstrate proficiency with the analytical 
method: 1) performing valid initial calibrations, 2) performing MDL determinations, 3) 
demonstrating that their results meet all minimum QA/QC acceptance criteria as presented in the 
method document (e.g., the SOP), and if available, 4) satisfactorily analyzing a performance 
evaluation sample or a second source standard.  It is anticipated that performance evaluation 
samples will be submitted for all analytical methods that will be performed under this QAPP. 

Safety training records for EPA and EPA contractor staff are maintained by the EPA Safety, 
Health, and Environmental Management (SHEM) Office at EPA AWBERC.  Training 
documentation (QA management surveillances, PPMs 13.2/13.4 training) for contract staff at 
AWBERC will be maintained by the Pegasus QA Manager, documentation for contract staff at 
T&E will be maintained by the Shaw Project Leader for the Shaw T&E Facility Contract, 
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documentation for contract staff at UC by the UC Manager, while the EPA PI will maintain the 
training documentation for EPA staff. Initial demonstration of analyst proficiency (IDAP), MDL 
and PE sample documentation for the Pegasus Team staff are maintained by the Pegasus On-Site 
Technical Manager, for the UC Team staff by the UC Manager, and by the Shaw Compliance 
and Permits Specialist for Shaw Team staff. The EPA PI is responsible for data management, 
while purchasing documentation for PE samples and standards are maintained by the WSWRD 
QA Manager, and the EPA WA Manager, respectively. 
 
A9 DOCUMENTS AND RECORDS 

Data collection efforts will not be initiated under this WA until this QAPP has been approved by 
EPA.  Upon approval, an electronic copy of this QAPP will be prepared and identified as a 
controlled document by approval signatures on Section A1, Title Approval Sheet.  The Pegasus 
QA Manager will provide and/or make available the most current versions of this QAPP to all 
persons identified in Section A3, Distribution List. The Pegasus QA Manager is responsible for 
ensuring that designated project personnel have the current version of the approved QAPP.  
Revisions and amendments to controlled WA documents (i.e., this QAPP and associated SOPs) 
will be reviewed and approved by the same process as the original.  Persons identified in Section 
A3, Distribution List, will be advised by the Pegasus QA Manager of the updates by E-mail 
memorandum, during staff meetings, or other appropriate method as determined by the needs of 
the project.  Project staff will be responsible for destroying superseded versions of controlled 
documents upon notice.  

Field and laboratory paper records will be maintained in accordance with Section 13.2, Paper 
Laboratory Records, of the EPA ORD Policies and Procedures Manual.  The WA 2-64 WA 
Leaders and WA 3-02 Project Leader will submit internally the raw data, including calculations 
and QA/QC requirements, for QA and Management review at the conclusion of each 
experimental run. The Pegasus QA or Technical Manager will submit the data to the EPA WA 
Manager and the EPA PI. Monthly progress reports will be submitted by Pegasus and Shaw to 
EPA every month.  Distribution of the monthly report to other agencies will be at the discretion 
of the EPA WA Manager.  The expected product of this research will be at least one final report 
describing the analytical results of the samples analyzed.   

Records will be generated in both paper (hard copy) and electronic formats, and submitted in the 
format requested by the EPA WA Manager.  The following original documents generated in 
support of WA activities constitute records which will be managed by the Pegasus/Shaw Team: 

• Contract-required documents and deliverables; 
• WA-specific planning documents (i.e., Work Plan and this QAPP); 
• Documentation that supports fulfillment of WA-specific planning document 

requirements, including QA assessment reports; 
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• Incoming WA-related correspondence from EPA. 
• Outgoing WA-related correspondence to EPA. 

Controlled access facilities that provide a suitable environment to minimize deterioration, 
tampering, damage, and loss will be used for the storage of records. Whenever possible, 
electronic records will be maintained on a secure network server that is backed up on a routine 
basis. Electronic records that are not maintained on a secure network server will be periodically 
backed up to a secure second source storage media, transferred to an archive media (e.g., 
compact discs, optical discs, magnetic tape, or equivalent), or printed. Electronic records that are 
to be transferred for retention will be transferred to an archive media or printed, as directed by 
EPA.  Original records generated under this WA will be retained permanently.  Records for 
archive will be stored at EPA AWBERC and at the EPA T&E Facility, unless otherwise directed 
by the EPA WA Manager.   
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SECTION B DATA GENERATION AND ACQUISITION 
 

B1 SAMPLING PROCESS DESIGN  

Field water samples (surface water, and WWTF influent and effluent water) will be collected by 
the EPA Project Scientist (Kit Daniels) under the supervision and guidance of the EPA WA 
Manager (Craig Patterson) and PI (Chris Impellitteri).  The water samples will be collected from 
five WWTF locations from the Marcellus Shale Region. The surface water sample will be 
collected from the Ohio River by Pegasus project staff (Robert Grosser, Joshua Kickish and 
Raghuraman Venkatapathy). WWTF influent water samples will be collected from sampling 
ports located on the influent tanks at each of the WWTFs or directly from the trucks. WWTF 
effluent water samples will be collected from the outflow pipes from the WWTFs. For OGWW 
sample collection, the sampling valves will be opened and allowed to flow for 30 seconds prior 
to filling the sample containers.  In addition, the containers will be rinsed with the sample 2 
times before sample collection. Sample containers and sample volumes for field samples are 
shown in Table B1.1.  Due to challenges in sample procurement, every effort will be made to 
procure as much sample as possible for continuity in the study.   

Table B1.1 Field Sample Collection 

Sample Sample 
Container Sample volume Preservation 

Surface water from Ohio River 20 L carboys 420 L 4 ± 2 ºC 

Influent from Mt. Pleasant 1 L bottle 1 L 4 ± 2 ºC

Influent from Josephine 1 L bottle 1 L 4 ± 2 ºC

Influent from Williamsport 1 L bottle 1 L 4 ± 2 ºC

Influent from Warren-Patriot 1 L bottle 1 L 4 ± 2 ºC

WWTF Effluent from Mt. Pleasant 5 L carboy 5 L 4 ± 2 ºC

WWTF Effluent from Josephine 5 L carboy 5 L 4 ± 2 ºC

WWTF Effluent from Williamsport 5 L carboy 5 L 4 ± 2 ºC

WWTF Effluent from Warren-WWTF 5 L carboy 5 L 4 ± 2 ºC

WWTF Effluent from Warren-Patriot 5 L carboy 5 L 4 ± 2 ºC

 
The samples that will be collected from the field WWTF locations will be used for the bench-
scale reactor experiments to evaluate the effects of high TDS upon chlorination of OGWW, as 
described in Section A6 of this QAPP.  Determining the concentrations of analytes/compounds at 
the time of field sample collection is not a study objective for this project. Field samples will not 
be pH adjusted at the time of collection.  All samples will be transported from the field to the 
EPA AWBERC facility and stored under cold preservation (4 ± 2 ºC) until use in experiments. 
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B2 SAMPLING METHODS 

A one-time sampling event from each of the five WWTF locations is planned for this study.  In 
addition, a one-time sampling event for collecting Ohio River water is also planned for this 
study. The quantities of sample to be collected for each matrix/analysis, as shown in Table B1.1, 
reflect quantities needed to complete all tests for this study.  

All water samples will be analyzed for THMs, anions, TOC, free chlorine, pH, conductivity, 
TDS and TSS in addition to alkalinity and SUVA to obtain approximate background 
concentrations prior to start of any experiments (pre time = 0) to serve as the control for that 
experiment. The quantity of sample required for this analysis as well the preservation techniques 
to be used is shown in Table B2.1. Each analysis will be conducted in triplicate. In addition, for 
THMs, anions, TOC and TDS, a separate aliquot of the sample will be spiked with the 
appropriate analyte(s) at 1/4 – 1/2 the concentration of the highest calibration standard, 
depending on the background concentration of the analytes expected in each sample. Spike 
recoveries for this matrix spike should meet the criteria listed in Table B5.1. 

For the bench-scale reactor experiments to assess the effects of elevated bromide and chloride 
levels on THMs formation, sampling containers and volumes as well as preservation techniques 
are shown in Table B2.1, and the monitoring parameters are shown in Table B2.2. Prior to the 
start of each experiment (pre time = 0), the samples will be analyzed for all parameters. At other 
time points (t = 0, 0.5, 1, 5, 12 days), the samples will be analyzed for THMs, anions, pH, TOC, 
alkalinity, SUVA and free chlorine. All experimental samples will be quenched with sodium 
thiosulfate prior to sample collection to stop the reaction at the appropriate time. One set of 
samples will be collected for each analyte from each triplicate reactor for each time point 
(experimental replicate). For each variable to be monitored, two additional sample aliquots will 
be collected from one of the three triplicate jars at each time point to determine analytical 
precision and accuracy for that variable. Once the triplicate aliquots are analyzed for that given 
variable, a %RSD will be calculated for that variable. The %RSD for each variable should meet 
the criteria listed in Table B5.1. In addition, for TOC, THMs, SUVA and anions, an additional 
aliquot of samples will be collected from a second triplicate jar to perform matrix spike 
recoveries tests. The recoveries for the analytes of interest should meet the criteria listed in Table 
B5.1. For THMs, though the method states that samples can be extracted within 14 days of 
collection, the samples will be extracted within a week of the day of sample collection from the 
experiments; the extracted samples will be analyzed within 14 days. TOC, anions, TDS and TSS 
analyses will be performed within two days of sample collection. Alkalinity and SUVA analyses 
will be performed on the day of sample collection. 
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Table B2.1 Sample Containers, Preservation and Holding Times for Analysis of Samples from 
Each Experiment 

Parameter Sample 
Container Preservation  Max. Holding 

Time 

THMs 60 mL Amber Vial 

4 drops 0.1 N sodium sulfite per 
60 mL vial,  

headspace free, 4±2°C 

14 days for sample; 14 
days for extracts 

TOC 40 mL Amber Vial  
Cool @ 4±2 0C, Acidified using 4 
drops of H2SO4 or H3PO4 to pH≤ 

2; headspace free  
28 days 

Anions 
15 mL Centrifuge 

tube 
Cool @ 4±2 0C 

28 days (except PO4, 
NO3

-& NO2
- 48 hrs) 

TSS 125 mL HDPE bottle Cool @ 4±2 0C 7 days 

TDS 125 mL HDPE bottle Cool @ 4±2 0C 7 days  

Free Chlorine 60 mL vial None Analyze Immediately 

pH 60 mL Vial None Analyze Immediately 

Conductivity 60 mL Vial None Analyze Immediately 

Alkalinity 60 mL Amber Vial None Analyze Immediately 

SUVA 60 mL Vial Cool @ 4±2 ºC; DOC sample 
acidified to pH < 2 after filtration 

48 hrs for UVA, 28 
days for DOC 
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Table B2.2  Bench-Scale Reactor Sampling Strategy Summary 

Sample/ 
Measurement 

Location 
Condition 

TOC  

Conc. 
(mg/L) 

Initial 
Chlorination 

Conc.  
(mg/L) 

Time 
(days) 

Bromide 
Concentration  

(mg/L) 

Experimental 
QC 

Analysis Total 
Number of 
Samples* 

Laboratory 
(baseline) DI Water 0 0 

pretime = 0, 
0, 0.5, 1, 5, 

12 
n/a Triplicate 

THMs 
Anions 
TOC 

Free Chlorine 
pH 

Alkalinity 
SUVA 

24 
24 
24 
18 
18 
18 
24 

Reactor DI Water 5 5 
pretime = 0, 
0, 0.5, 1, 5, 

12 
n/a Triplicate 

THMs 
Anions 
TOC 

Free Chlorine 
pH 

Alkalinity 
SUVA 

24 
24 
24 
18 
18 
18 
24 

Reactor DI Water 5 5 
pretime = 0, 
0, 0.5, 1, 5, 

12 
0.05, 0.1, 0.25 Triplicate 

THMs 
Anions 
TOC 

Free Chlorine 
pH 

Alkalinity 
SUVA 

72 
72 
72 
54 
54 
54 
72 

Reactor Ohio River 
Surface Water 5 5 

pretime = 0, 
0, 0.5, 1, 5, 

12 
Ambient Triplicate 

THMs 
Anions 
TOC 

Free Chlorine 
pH 

Alkalinity 
SUVA 

24 
24 
24 
18 
18 
18 
24 



WA 2-64 QAPP for Formation of Disinfection By-Products from HFFC 
Date: December 9, 2013 

Revision Number: 4 
Page 34 of 64 

Sample/ 
Measurement 

Location 
Condition 

TOC  

Conc. 
(mg/L) 

Initial 
Chlorination 

Conc.  
(mg/L) 

Time 
(days) 

Bromide 
Concentration  

(mg/L) 

Experimental 
QC 

Analysis Total 
Number of 
Samples* 

Reactor Ohio River 
Surface Water 5 5 

pretime = 0, 
0, 0.5, 1, 5, 

12 
0.05, 0.1, 0.25 Triplicate 

THMs 
Anions 
TOC 

Free Chlorine 
pH 

Alkalinity 
SUVA 

72 
72 
72 
54 
54 
54 
72 

Reactor 

Ohio River 
Surface Water 
blended with 
effluent from 
Mt. Pleasant 

5 5 
pretime = 0, 
0, 0.5, 1, 5, 

12 
0.05, 0.1, 0.25 Triplicate 

THMs 
Anions 
TOC 

Free Chlorine 
pH 

Alkalinity 
SUVA 

72 
72 
72 
54 
54 
54 
72 

Reactor 

Ohio River 
Surface Water 
blended with 
effluent from 

Josephine 

5 5 
pretime = 0, 
0, 0.5, 1, 5, 

12 
0.05, 0.1, 0.25 Triplicate 

THMs 
Anions 
TOC 

Free Chlorine 
pH 

Alkalinity 
SUVA 

72 
72 
72 
54 
54 
54 
72 

Reactor 

Ohio River 
Surface Water 
blended with 
effluent from 
Williamsport 

5 5 
pretime = 0, 
0, 0.5, 1, 5, 

12 
0.05, 0.1, 0.25 Triplicate 

THMs 
Anions 
TOC 

Free Chlorine 
pH 

Alkalinity 
SUVA 

72 
72 
72 
54 
54 
54 
72 
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Sample/ 
Measurement 

Location 
Condition 

TOC  

Conc. 
(mg/L) 

Initial 
Chlorination 

Conc.  
(mg/L) 

Time 
(days) 

Bromide 
Concentration  

(mg/L) 

Experimental 
QC 

Analysis Total 
Number of 
Samples* 

Reactor 

Ohio River 
Surface Water 
blended with 
effluent from 

Warren-WWTF 

5 5 
pretime = 0, 
0, 0.5, 1, 5, 

12 
0.05, 0.1, 0.25 Triplicate 

THMs 
Anions 
TOC 

Free Chlorine 
pH 

Alkalinity 
SUVA 

72 
72 
72 
54 
54 
54 
72 

Reactor 

Ohio River 
Surface Water 
blended with 
effluent from 

Warren-Patriot 

5 5 
pretime = 0, 
0, 0.5, 1, 5, 

12 
0.05, 0.1, 0.25 Triplicate 

THMs 
Anions 
TOC 

Free Chlorine 
pH 

Alkalinity 
SUVA 

72 
72 
72 
54 
54 
54 
72 

 
* In addition to these samples, for each variable to be monitored, two additional sample aliquots will be collected from one of the three triplicate jars at each 
time point to determine analytical precision and accuracy for that variable. Once the triplicate aliquots are analyzed for that given variable, a %RSD will be 
calculated for that variable. The %RSD for each variable should meet the criteria listed in Table B5.1. In addition, for TOC, THMs, SUVA and anions, an 
additional aliquot of samples will be collected from a second triplicate jar to perform matrix spike recoveries tests (LFSM). The recoveries for the analytes 
of interest should meet the criteria listed in Table B5.1. The samples required for LFSM is included in the ‘Total number of samples’ column in the Table. 
Spike recoveries have to meet the criteria listed in Table B5.1.
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B3 SAMPLE HANDLING AND CUSTODY 

Preservation of samples is required to retain integrity. The most common preservation techniques 
include pH adjustment and temperature control. Field personnel collecting environmental samples 
will store the samples at 4 ± 2 ºC during shipment to the EPA. Table B1.1 provides the sample 
containers and the amount of sample to be collected from each water source. Except for 
temperature control, no other preservation techniques will be used for sample shipment from the 
field to EPA AWBERC. The sample containers will be stored in the EPA AWBERC 613 CTR 
(cold temperature room) until being used in the experiments. 

A chain-of-custody (Appendix B) will be used to maintain a record of sample collection, transfer 
between personnel, shipment, analytical requests, and receipt by the laboratory. The following 
chain-of-custody procedures will be followed to guarantee sample custody documentation.  A 
sample will be considered under proper custody if (1) it is in actual physical possession of the 
responsible person; (2) it is in view of the responsible person; (3) is locked in a container 
controlled by the person; or (4) has been placed into a designated secure area by the responsible 
person. 

Field personnel who collect the samples are responsible for the care and custody of the samples 
until they are transferred or delivered to the delivery agent. A chain-of-custody form will 
accompany all samples. When transferring the samples, the individuals relinquishing and 
receiving the samples will sign, date, and note the time on the chain-of-custody form. 

The field surface water and WWTF influent and effluent water samples to be used in the study 
will be transported in hard-sided coolers from the field site on ice or in a refrigerated truck and 
padded with adequate packaging material to protect the samples from breaking during shipment.  
All containers used to collect the samples will be labeled. This label will contain the sample 
location, date and time of sampling. A laboratory notebook will be used by the field sampling 
team to record the details of the field sampling event.  The samples will be transported from the 
field site to EPA AWBERC by the field sampling team.        

Upon receipt at EPA AWBERC, samples will be stored at 4±2 °C in CTR 613 until processed. 
Aliquots will be prepared and then transferred to the respective laboratories for analysis along 
with a chain-of-custody form.  Larger samples will be thoroughly mixed via agitation prior to 
collection of sub-samples to deliver to appropriate experiments.  Sample labeling will be 
maintained as mentioned above.  A laboratory notebook will be used to record the details that 
will be signed, dated, and witnessed.  Prior to starting the experiments, the collected samples will 
be analyzed for all variables. Samples will be stored for a period not exceeding the maximum holding 
time (Table B2.1).  Samples that are transferred from EPA AWBERC to another facility for analysis 
(e.g., the EPA T&E Facility or UC) will be packaged in hard-sided coolers on ice and transferred 
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with a second chain-of-custody form (Appendix B). The results from the analyses of these samples 
are for informational purposes only, and will not be formally reported. 

For samples collected from the bench-scale reactors (see Table B2.2), samples will be labeled to 
include the collection date, condition (DI, SW, SW+E P1, SW+E P2, etc.), TOC concentration, time 
(days), initial chlorine concentration, bromide concentration, and analysis. These samples will be 
analyzed within a week of collection for all variables except pH, conductivity and free chlorine. For 
these three variables, the samples will be analyzed immediately upon sample collection. 

B4 ANALYTICAL METHODS 

The methods for analysis are summarized in Table B4.1.  
 
Table B4.1 Outline of Analysis Methods 

Parameter Measurement Instrument Analytical 
Method 

Target 
MDL1 

Analysis 
Location 

THMs 
-Bromodichloromethane 
-Bromoform 
-Chloroform 
-Dibromochloromethane 

Critical HP 6890 Series GC-
ECD 

EPA Method 
551.1 

(Appendix C) 
0.5 μg/L EPA 

AWBERC 

Anions 
-Bromide 
-Chloride 

Critical Ion Chromatograph 
(IC), using AS-18 

Dionex 
chromatography 

column 

EPA Method 
300.1  

(Appendix F) 

0.5 mg/L 

EPA T&E 
Facility  

Anions 
-Fluoride 
-Nitrite/Nitrate 
-Phosphate 
-Sulfate 

Non-critical 0.5 mg/L 

Free Chlorine Critical HACH DR/2500 
Spectrophotometer 

HACH Method 
8021 

(Appendix E) 
0.21 mg/L EPA 

AWBERC 

pH Critical 
HACH Illuminator 

Module  
pH Meter 

Standard 
Method 4500B 
(Appendix D) 

-- EPA 
AWBERC 

TOC Critical 
Teledyne Tekmar 

Fusion UV/Persulfate 
TOC Analyzer 

EPA Method 
415.3 

(Appendix G) 
1 mg/L EPA T&E 

Facility 

TOC Critical 
TOC-V CSH Total 

Organic Carbon 
Analyzer, Shimadzu 

Standard 
Method 5310B 
(Appendix L) 

1 mg/L UC 

Conductivity Non-critical 

Thermo Scientific 
Orion 5-Star  
temperature 

compensated pH 
/ISE/DO/ 

Conductivity meter 

Standard 
Method 2510B 
(Appendix H) 

-- EPA 
AWBERC 
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Parameter Measurement Instrument Analytical 
Method 

Target 
MDL1 

Analysis 
Location 

TDS Non-critical -- 
Shaw T&E SOP 

510  
(Appendix I) 

-- EPA T&E 
Facility 

TDS Non-critical  
Standard 

Method 2540 D 
(Appendix M) 

 UC 

TSS Non-critical -- 
Shaw T&E SOP 

509 
(Appendix J)  

-- EPA T&E 
Facility 

TSS Non-critical  
Standard 

Method 2540 D 
(Appendix M) 

 UC 

Alkalinity Non-critical - 
EPA Method 

310.1 
(Appendix N) 

-- EPA 
AWBERC 

SUVA Non-critical 
Teledyne Tekmar 

Fusion UV/Persulfate 
TOC Analyzer 

EPA Method 
415.3 

(Appendix G) 
1 L/mg-M EPA T&E 

Facility 

SUVA Non-critical 
TOC-V CSH Total 

Organic Carbon 
Analyzer, Shimadzu 

Standard 
Method 5310B 
(Appendix L) 

1 L/mg-M UC 

1 MDLs required to meet project objectives. Actual MDLs should be below the target MDL to meet project 
objectives. The method reporting limit (MRL), calculated as actual MDL * 5, should be close to the lowest 
calibration standard for each analysis. The actual MDL and QL will be included in all applicable lab reports. 
 
B5 QUALITY CONTROL 

Instruments/equipment will be maintained in accordance with the EPA ORD Policies and 
Procedures Manual, Section 13.4, Minimum Quality Assurance (QA)/Quality Control (QC) 
Practices for ORD Laboratories Conducting Research, and in accordance with the Standard 
Operating Procedures (SOPs) and analytical methods shown in Table B4.1.  All analytical data 
will be collected in accordance with the QA/QC procedures specified in this QAPP.  Table B5.1 
summarizes the QA/QC checks, acceptance criteria, and corrective actions for each analysis.  The 
data quality indicators for the analyses are defined in Sections B5.1 through B5.4. Section B5.5 
mentions the criteria that will be used to determine the target THM analytes using a confirmatory 
column.  

B5.1 Precision 

Precision is broadly defined as the scatter within any set of repeated measurements.  For samples 
that are measured in duplicate, precision will be calculated as relative percent difference (RPD). 

 RPD =(C1-C2) / ((C1+C2) / 2) * 100      (1) 

where C1 and C2 are the two measurements.  For samples that are measured in triplicate or 
higher, the precision will be measured as the relative standard deviation (RSD).  
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 RSD = (S / SM) * 100      (2) 

where S is the standard deviation, and SM is the sample mean.  Precision of the measurements 
that cannot be calculated with Equations (1) and (2) will be determined by absolute range (AR). 

 AR = |C1 - C2|        (3) 

where C1 and C2 are the two measurements. 
 
B5.2 Accuracy 

Accuracy is broadly defined as how close the analyses will come to the true concentration in the 
sample.  The accuracy of measurements, incorporating a standard reference material or a second 
source standard, will be calculated as percent recovery. 

 % Recovery = 100% * (Cs/Cmst)    (4) 

where Cs is the measured concentration of the standard and Cmst is the actual concentration of 
the standard.  The accuracy of the analyses that use matrix spikes will be calculated by 

 % Recovery = 100% * (Csp - Cmsa) / Cac   (5) 

where Csp is the measured concentration of the spiked aliquot, Cmsa is the measured 
concentration of the sample, and Cac is the actual concentration of the spiked aliquot.   

The accuracy of the samples that cannot be determined with Equations (4) and (5) will be 
calculated by the measurement bias. 

For matrix spikes, it is recommended that spiking concentrations be approximately 50% of the 
anticipated sample concentration.  In no cases should the sample concentrations be greater than 
four times the spike concentration. 
 
B5.3 Comparability 

Data comparability will be maintained through the use of defined and consistent sampling and 
analytical procedures.  
 
B5.4 Sensitivity 

Sensitivity is the capability of a method or instrument to discriminate between measurement 
responses representing different levels of the variable of interest. MDLs (EPA, 1986) for all 
analytes are calculated as outlined in CFR Title 40: Protection of the Environment Part 136-
Guidelines establishing test procedures for the analysis of pollutants, Appendix B to Part 136-
Definition and procedure for the determination of the Method Detection Limit-Revision 1.11.  
Positive results for analytes/compounds which are below five times the MDL will be flagged and 
not included in statistical analyses. 
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B5.5 Confirmatory Column Analysis for THMs 

Sample components are identified by comparison of retention times of target analytes to 
retention data from the calibration standard analysis. If the retention time of an unknown 
compound corresponds within limits to the retention time of a standard compound, then 
identification is considered positive. The width of the retention time window used to make 
identifications is based on measurements of actual retention time variations of the standards in 
that particular batch. Three times the standard deviation of a retention time can be used to 
calculate the suggested retention size for a target analyte. Since EPA Method 551.1 used a 
retention time window of 1% of the total analyte retention time, the larger of 1% of retention 
time or three times the standard deviation of the retention time of the standards in that batch will 
be used to determine the retention time windows for all target analytes in that batch. 
 
Each data report (described in Section D2) for the confirmatory column will include the retention 
times for all target analytes, internal standards and surrogates for all calibration standards, check 
standards, blanks and samples in an analysis batch. The analyst will calculate the retention time 
window for all target analytes using the criteria described above. The retention times of the target 
analytes in the samples will be checked against the calculated retention time window. If there are 
no peaks within the calculated retention time window for a particular target analyte, the analyte 
will be listed as ‘not present’, and vice versa. 
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Table B5.1 Summary of QA/QC Checks  

Parameter Measurement QC Check Method Frequency Acceptance Criteria Corrective Action 

THMs Critical Initial calibration 7 point calibration With every sequence RSD for curve < 0.25 Prepare new standard 
curve; Re-calibrate; 
Reanalyze affected 
samples.              

Quality Control 
Sample (QCS) 

Externally prepared from 
source different than 
calibration standards 

Following 
instrument 
calibration 

+/- 20% of the 
expected values 

Recalibrate Instrument.  
Analysis cannot proceed 
without a passing QCS. 

Laboratory Reagent 
Blank (LRB) 
 
 

Prepared and treated as 
sample, including exposure 
to lab glassware, equipment, 
reagent, etc. 

Prior to analyzing 
any samples, with 
each extracted 
sample set, and 
required with any 
reagent change. 

The LRB should not 
produce peaks within 
the retention time 
window for any 
analytes.  

If this occurs, the source 
of contamination must be 
identified and removed 
before processing 
samples. 

Initial Demonstration 
of Capability (IDC) 
  
 

Uses 7 replicate prepared 
Lab Fortified Blanks (LFB) 
approx 50 times the 
estimated detection limit 

Following 
procedural 
calibration standard 
analysis and any 
subsequent 
calibration. 

Mean recoveries must 
be within +/- 20% of 
the actual value and 
the standard deviation 
must be less than 15%. 

Analyze for source of 
error. Repeat procedure 
with 8 fresh samples until 
satisfactory performance 
has been demonstrated. 

Method Detection 
Limits (MDLs) 
  
 

Statistically derived using 7 
replicates prepared LFB at 
2-5 times estimated signal to 
noise ratio 

Prior to analysis of 
non-IDC samples. 

1/10th spike 
concentration < MDL < 
spike concentration 

Repeat using spike level 
that will meet criteria. 

Continuing 
Calibration Check 
(CCC) 

Uses LFBs prepared at 2 
different concentration 
levels to verify calibration 
curve 

Calibration checks 
are required every 10 
samples and at the 
beginning and end of 
each analytical batch 

Analyte recoveries 
must be within +/- 20% 
of the expected values.  

Re-analyze CCC to 
determine if responses are 
repeated. If standards 
cannot be met, instrument 
must be re-calibrated, and 
previous samples re-
analyzed, or analyte 
results are outside of the 
acceptable limits 
and must be reported as 
suspect. 
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Parameter Measurement QC Check Method Frequency Acceptance Criteria Corrective Action 

Laboratory Fortified 
Sample Matrix 
(LFSM) 

Add known concentrations 
of analytes to a sample 

Once for each 
reaction time point  

Analyte recovery must 
be of +/- 25% of 
expected values. 

Matrix induced bias is 
assumed, and data 
reported as suspect. If the 
unfortified matrix has 
background levels higher 
than the fortified matrix, 
a duplicate must be 
prepared at a higher 
concentration. If not 
possible, the data for the 
sample from which the 
LFSM was prepared 
should not be reported. 
 

Analysis replicates Samples collected from 
same reactor; tests 
variability in analytical 
method 

Once for each 
reaction time point 
using triplicate 
samples 

RSDs must be < 25% 
for all analytes 

Analysis must be 
repeated. If failure is 
repeated, sampling must 
be repeated or analytes 
are reported as suspect. 
 

Extraction precision 
/ Surrogate Recovery  

Aqueous samples are 
fortified with surrogate 
before extraction 

All samples and 
standards     

Surrogate recovery 
must be +/- 20% of the 
mean response from the 
initial calibration 
standards 

Repeat analysis, if this 
fails, repeat extraction 
and analysis, if this fails, 
data is reported as 
suspect. Consecutive 
failures could also 
indicate the need to 
recalibrate. 

Internal Standard 
Recovery 

Aqueous samples are 
fortified with an internal 
standard  after extraction 

All samples and 
standards     

I.S. response should not 
deviate from mean I.S. 
response of the past 
five continuing 
calibration standards by  
>20% 

Optimize instrument 
performance and inject a 
2nd   aliquot of that 
extract.  If it passes, 
report results for that 
aliquot.  Otherwise, 
follow Section 9.9 in the 
method. 
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Parameter Measurement QC Check Method Frequency Acceptance Criteria Corrective Action 

Confirmatory Column 
Analysis 

Qualitative confirmation of 
the analytes is conducted on 
a secondary column 

All samples for 
which a positive 
result is observed on 
the primary column 

Analytes should be 
present in the retention 
window (3 x standard 
deviation or 1% of 
expected retention 
time, whichever is 
greater for particular 
analyte) for the 
confirmatory column 

Repeat analysis using the 
confirmatory column or 
another instrument. 

pH Critical Initial calibration 2 point calibration  Daily when in use 
prior to sample 
analysis 

±0.1 pH units of the 
actual concentration for 
calibration verification  

Verify calibration with third 
pH buffer. Recalibrate if 
verification is outside of ± 
0.1 pH unit acceptance 
criteria and re-check with 
third pH buffer.  Sample 
analysis cannot proceed 
without a passing third pH 
buffer calibration 
verification check.

Calibration 
verification 

3 pH units different from 
the second pH buffer 

Immediately after 
calibration, after 
every 10 samples 
and at the end 

±0.1 pH units of the 
actual concentration 

Re-calibrate if 
verification is outside of 
± 0.1 pH unit acceptance 
criteria                                

Free Chlorine Critical Instrument 
verification 

SpecCheck Secondary 
Standards Kit 

Daily when in use 
prior to sample 
analysis and at end 
of batch 

See kit-specific 
acceptance criteria 
listed on the Certificate 
of Analysis for 
secondary standard kit1  
 

Re-analyze batch 

Check standard Standard additions/ sample 
spike method 

Beginning of 
analysis 

±10 % of the actual 
concentration 

Correct matrix 
interferences 
Reanalyze samples 
 

Anions Critical Initial calibration Calibration With every sequence 
 

Initial calibration needs 
to be verified with an 
initial calibration check 
and the QCS 

Prepare new standard 
curve; Re-calibrate 
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Parameter Measurement QC Check Method Frequency Acceptance Criteria Corrective Action 

Initial calibration 
check 

An individual calibration 
standard  

Analyzed 
immediately after the 
calibration curve 

±25 % of the true value 
(QL to 10x QL) 
±15% of the true value 
(>10x QL) 
 

Re-calibrate 

Continuing and end 
calibration check 

An individual calibration 
standard  

After every 10 
samples 

± 25 % of the true 
value (QL to 10x QL) 
±15 % of the true value 
(Greater than 10x QL) 
 

Re-analyze CCC to 
determine if responses are 
repeated. If standards 
cannot be met, instrument 
must be re-calibrated, and 
previous samples re-
analyzed, or analyte 
results are outside of the 
acceptable limits 
and must be reported as 
suspect. 

Instrument 
Performance check 
solution (IPC) 

Calculate the Peak Gaussian 
Factor (GPF) 

One per batch 0.8 – 1.15 Repeat analysis 

Laboratory reagent 
blank (LRB) 

An aliquot of reagent water   Every 10 samples < MDL  
 

If this occurs, the source 
of contamination must be 
identified and removed 
before processing 
samples. 
 

Quality control 
sample (QCS) 

A source external to the lab 
and different from the 
source of calibration 

After initial 
calibration 

±15 % of the true value  
 

Recalibrate Instrument.  
Analysis cannot proceed 
without a passing QCS. 

Surrogate Add same concentration of 
surrogate 

With each 
calibration and 
sample   

Recovery of 90-115%  
 

Repeat analysis, if this 
fails, data is reported as 
suspect. Consecutive 
failures could also 
indicate the need to 
recalibrate. 
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Parameter Measurement QC Check Method Frequency Acceptance Criteria Corrective Action 

Analysis replicates Samples collected from 
same reactor; tests 
variability in analytical 
method 

Once for each 
reaction time point 
using triplicate 
samples 

RSDs must be < 20% 
for all analytes 

Analysis must be 
repeated. If failure is 
repeated, sampling must 
be repeated or analytes 
are reported as suspect. 

Laboratory fortified 
blank (LFB) 

An aliquot of reagent water  
spiked with a known 
amount of analytes 

One per batch ±25% of the true value 
(QL to 10x QL) 
±15% of the true value 
(>10x QL) 
 

Recalibrate Instrument.   

Laboratory Fortified 
Sample Matrix 
(LFSM) 

Add known concentrations 
of analytes to a sample 

Once for each 
reaction time point  

Analyte recovery must 
be of +/- 25% of 
expected values. 

Matrix induced bias is 
assumed, and data 
reported as suspect. If the 
unfortified matrix has 
background levels higher 
than the fortified matrix, 
a duplicate must be 
prepared at a higher 
concentration. If not 
possible, the data for the 
sample from which the 
LFSM was prepared 
should not be reported. 
 
 

Total Organic 
Carbon (TOC) 

Non-Critical 
 
 
 
 
 
 

Initial calibration Calibration A new calibration 
curve is generated 
when fresh standards 
are made and/or 
when CCCs fail QC 
criteria  

Calibration curve must 
have R2 ≥ 0.99 before 
proceeding with 
analysis  
 

Prepare new standard 
curve; Re-calibrate 

Laboratory Blank 
(LB) 

 One LB with each 
analysis batch 

TOC must be ≤ 0.35 
mg/L  

If this occurs, the source 
of contamination must be 
identified and removed 
before processing 
samples. 
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Parameter Measurement QC Check Method Frequency Acceptance Criteria Corrective Action 

 
Continuing calibration 
checks  (CCC) 

A same source calibration 
standard 

Analysis of Low-
CCC at the 
beginning of each 
batch. Subsequent 
CCCs analyzed after 
every 10 samples 
and after the last 
sample 

Low-CCC ±50 % of the 
true value 
Mid-CCC ±20 % of the 
true value  
High-CCC ±15 % of 
the true value 
 

Re-analyze CCC to 
determine if responses are 
repeated. If standards 
cannot be met, instrument 
must be re-calibrated, and 
previous samples re-
analyzed, or analyte 
results are outside of the 
acceptable limits 
and must be reported as 
suspect. 

Laboratory Fortified 
Sample Matrix 
(LFSM) 

Add known concentrations 
of analytes to a sample 

Once for each 
reaction time point  

Analyte recovery must 
be of +/- 30% of 
expected values. 

Matrix induced bias is 
assumed, and data 
reported as suspect. If the 
unfortified matrix has 
background levels higher 
than the fortified matrix, 
a duplicate must be 
prepared at a higher 
concentration. If not 
possible, the data for the 
sample from which the 
LFSM was prepared 
should not be reported. 
 

Quality control 
sample (QCS) 

A second source calibration 
verification standard 

The QCS should be 
analyzed 
immediately after 
calibration  

Analyzed value of 1-5 
mg/L QCS must be 
within ±20 % of the 
true value  

Recalibrate Instrument.  
Analysis cannot proceed 
without a passing QCS. 

Analysis replicates Samples collected from 
same reactor; tests 
variability in analytical 
method 

Once for each 
reaction time point 
using triplicate 
samples 

RSDs must be < 20% 
for all analytes 

Analysis must be 
repeated. If failure is 
repeated, sampling must 
be repeated or analytes 
are reported as suspect. 
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Parameter Measurement QC Check Method Frequency Acceptance Criteria Corrective Action 

Conductivity 
 

Non-Critical Initial calibration 2  point calibration  Initially ±10 % of the actual 
concentration for mid-
point standard 

Re-calibrate                 

Initial calibration 
verification 

Run mid-point standards  One immediately 
after calibration 

±10 % of the actual 
concentration 

Re-calibrate                         

Precision Sample duplicate Once for each 
reaction time point 
using triplicate 
samples 
 

≤ 15% RPD Redo duplicate      
Investigate problem    

Continuing 
Calibration 
Verification 

Secondary source standard Every 10 samples 100 ± 15 % recovery  Investigate problem    
Re-prepare standard            
Re-run samples as 
required 
 

TSS Non-Critical Accuracy Check Standard One per analysis 
batch 

±25 % of the actual 
concentration 

Investigate problem    
Re-prepare QCs                  
Re-run samples as 
required 

Precision Sample duplicate Once for each 
reaction time point 
using triplicate 
samples 

≤ 20 % RPD Re-analyze              
Investigate the problem 

Contamination check Method Blank One per batch <2.0mg/L Re-analyze              
Investigate the problem 

TDS 
 

Non-Critical 
 

Accuracy Check Standard One per batch ±25 % of the actual 
concentration 

Investigate problem    
Re-prepare QCs                  
Re-run samples as 
required 

Precision Sample duplicate Once for each 
reaction time point 
using triplicate 
samples 

≤ 20% RSD Re-analyze              
Investigate the problem 

Contamination check Method Blank One per batch <2.0mg/L Re-analyze              
Investigate the problem 
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Parameter Measurement QC Check Method Frequency Acceptance Criteria Corrective Action 

Alkalinity Non-Critical QA/QC criteria for pH is applicable 
Accuracy Check Standard One per batch ±20 % of the actual 

concentration 
Investigate problem    
Re-prepare QCs                  
Re-run samples as 
required 
 

Precision Sample duplicate Once for each 
reaction time point 
using triplicate 
samples 

≤ 20% RSD Re-analyze              
Investigate the problem 

SUVA Non-Critical QA/QC criteria for TOC is applicable; samples need to be filtered prior to DOC analysis 
Spectrophotometer 
Performance check 

Check Standard Once prior to 
starting a batch 

±10 % of the expected 
absorbance 

Investigate problem    
Re-prepare QCs                  
Re-run check until it 
passes 
 

Laboratory Blank 
(LB) 

 Once every 20 
samples in sequence 

UVA ≤ 0.01 cm-1 If this occurs, the source 
of contamination must be 
identified and removed 
before processing 
samples. 
 

Lab Fortified Blank 
(LFB) 

Add known concentrations 
of analytes to a blank 

Once every batch ±20 % of the actual 
concentration for a 1-5 
mg OC/L spike 

Investigate problem    
Re-prepare QCs                  
Re-run samples as 
required 
 

Filter blank Lab reagent water filtered 
through a 0.45 μm filter 

Once per sequence UVA ≤ 0.01 cm-1 If this occurs, the source 
of contamination must be 
identified and removed 
before processing 
samples. 

Precision Sample duplicate Once for each 
reaction time point 
using triplicate 
samples 

≤ 20% RSD  Re-analyze              
Investigate the problem 
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Parameter Measurement QC Check Method Frequency Acceptance Criteria Corrective Action 

Lab Fortified Sample 
Matrix (LFSM) 

Add known concentrations 
of analytes to a sample 

Once every batch ±30 % deviation for a 
1-5 mg OC/L spike 

Investigate problem    
Re-prepare QCs                  
Re-run samples as 
required 

1 The free chlorine concentrations and acceptance criteria for the HACH SpecCheck Secondary Standards are lot specific.  For instrument verification checks, 
record the lot number, expiration date, and model specific standard concentrations with acceptance measurement ranges for the SpecCheck Standards on the 
datasheet or research notebook that is use to report free chlorine results. 
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B6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION AND MAINTENANCE 

Testing, inspection and maintenance of equipment required for completion of analytical 
measurements will be conducted as needed to ensure proper operation.  Generally, variability in 
known concentration of analytes will be used to test and inspect instrument.  All records are to be 
kept by the individual responsible for the equipment.  Maintenance will be performed by the 
manufacturer’s representative as needed. 

B7 INSTRUMENT/EQUIPMENT CALIBRATION FREQUENCY 

Instrument calibration is discussed in Table B5.1 and will be performed at the frequency listed in 
the table. 

B8 INSPECTION/ ACCEPTANCE OF SUPPLIES AND CONSUMABLES 

Supplies and consumables are listed in the attached method, and will be inspected upon receipt 
by the person that will be using them.  Acceptance of these will be based upon visually 
determining that received material is consistent with project requirements, packaging is intact or 
there is no obvious damage to the received materials.  Items identified as damaged or 
contaminated will be declined.   
 
B9 NON-DIRECT MEASUREMENTS 

Non-direct data such as computer databases and programs will not be used in this study.  
However, during the manuscript preparation process study, results will be compared to reported 
data in the literature only where direct comparison is possible.      
 
B10 DATA MANAGEMENT 

As stated in Section A.9, laboratory paper and electronic records will be maintained in accordance 
with Section A.9.  Data from each wet chemistry analysis will be recorded in a laboratory notebook 
or datasheet and each page will be dated and signed by the analyst who performs the analysis.  
Printed data from equipment runs will be filed separately in a three-ring binder(s) and labeled “WA-
2-64” with the name of the analyte, year and the month.  Raw data will be kept as hard copies and 
computer files.  Raw data from chemical instrumentation will be retained as required by EPA 
Record Schedules 501 and 507 and will be backed up onto a separate external hard drive.  

If analytical instrumentation software/hardware allows for data export, raw instrument data will be 
automatically entered to Microsoft Excel spreadsheets. Microsoft Excel spreadsheets used for 
calculations and statistical analyses will be initially verified for accuracy by the analyst and then 
sent to a second reviewer.  For manually entered data, transcription will also be checked initially 
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for errors by the analyst and then sent to a second analyst for review.  Final data will be 
expressed in units shown in Table B10.1. 
 

Table B10.1 Reporting Units 

Parameter Unit 

THMs μg/L 
Anions mg/L 
TOC mg/L 

Free Chlorine mg/L 
pH pH units 

Conductivity µS/cm  
TDS mg/L  
TSS mg/L  

Alkalinity mg/L CaCO3 
SUVA SUVA or L/mg-M 
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SECTION C ASSESMENT AND OVERSIGHT 

C1 EPA ASSESSMENTS AND RESPONSE ACTIONS 

EPA will conduct readiness reviews, Technical Systems Audits (TSAs), Audits of Data Quality 
(ADQs), and Performance Evaluations (PEs).  Readiness reviews will be conducted prior to the 
collection of any field samples to ensure that all personnel, training, equipment, supplies, and 
procedures are available and acceptable for environmental data to be collected in accordance 
with the governing QAPP.  Acceptability or issues that were identified during readiness reviews 
will be communicated to the PI and EPA WA Manager via email.  TSAs and PEs will be 
conducted early in the project to allow for identification and correction of any issues that may 
affect data quality.  TSAs will be conducted only on laboratory activities since only bulk samples 
are collected in the field.  Laboratory TSAs will focus on the critical target analytes.  Detailed 
checklists, based on the procedures and requirements specified in this QAPP, related SOPs, and 
EPA Methods will be prepared and used during these TSAs.  These audits will be conducted by 
the EPA/NRMRL HF QA Management Team or by QA support contractors with oversight by 
the QA Management Team.   

ADQs will be conducted on a representative sample of data for the critical target analytes.  These 
audits will be conducted by the EPA/NRMRL HF QA Management Team or by QA support 
contractors with oversight by the QA Management Team.  See Section D1 for additional 
discussion on ADQs.   

PEs will be conducted on target analytes (shown in Table A6.1) for those that are available 
commercially such as those from ERA, a Waters Company (Golden, CO). As part of the 
readiness review, PE samples must pass acceptably (as applicable) before any analysis can be 
done on project samples. 

Assessors do not have stop work authority; however, they can advise the EPA WA Manager if a 
stop work order is needed in situations where data quality may be significantly impacted, or for 
safety reasons.  The PI makes the final determination as to whether or not to issue a stop work 
order. 

For TSA and ADQ reports that identify deficiencies requiring corrective action, the audited party 
must provide a written response to each Finding and Observation to the PI, which shall include a 
plan for corrective action and a schedule.  (If the audited party is a contractor, then the response 
shall be delivered to the EPA WA Manager who will ensure delivery to the PI.)  The PI is 
responsible for ensuring that audit findings are resolved.  The QA Management Team will 
review the written responses to determine their appropriateness.  If the audited party is other than 
the PI, then the PI shall also review and concur with the corrective actions.  The QA 
Management Team will track implementation and completion of corrective actions.  After all 
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corrective actions have been implemented and confirmed to be completed; the QA Management 
Team shall send documentation to the PI and his supervisor that the audit is closed.  Audit 
reports and responses shall be maintained by the PI in the project file and the QA Management 
Team in the QA files, including QLOG. 

C1.1  Assessments 

Detailed checklists are based on the procedures and requirements. The laboratory audit will take 
place when samples are in the laboratory’s possession and are in the process of being analyzed. 

Laboratory TSAs will focus on the critical target analytes and will be conducted on-site at EPA 
AWBERC, UC and the EPA T&E Facility laboratories run by Pegasus, UC and Shaw 
contractors.  It is anticipated this will take place immediately following the first sampling event.   

ADQs will be conducted on a representative sample of data for the critical target analytes for 
several initial data packages and then for subsequent data packages as determined to be 
necessary by project personnel based on issues identified.   

C1.2  Assessment Results and Reports 

At the conclusion of a TSA, a debriefing shall be held between the auditor and the PI or audited 
party to discuss the assessment results.  TSA and ADQ results will be documented in reports to 
the PI, the PIs first-line manager, and the WSWRD HF QA Manager and the ETAV QA 
Manager.  If any serious problems are identified that require immediate action, the QA 
Management Team will verbally convey these problems at the time of the audit to the PI or 
audited party. 

The PI is responsible for responding to the reports as well ensuring that corrective actions are 
implemented in a timely manner to ensure that quality impacts to project results are minimal. 
 
C2 PEGASUS AND SHAW ASSESSMENTS AND RESPONSE ACTIONS 

The Pegasus Contract QA Manager will conduct assessments of WA 2-64 and WA 3-02, 
respectively, to verify compliance with the requirements of this QAPP.  Assessment activities 
include Technical System Assessments (TSAs), readiness reviews, and surveillances.   

The three types of WA assessments are discussed below.   

A Readiness Review will be conducted prior to the initiation of a WA, either by the Pegasus 
Contract QA Manager or by EPA).  The Readiness Review is initiated to ensure that all 
personnel, training, equipment, supplies, and procedures are available for environmental data to 
be collected in accordance with the governing QAPP.   
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TSAs are thorough, systematic, and qualitative assessments of overall implementation of 
requirements in accordance with the WA QAPP and related quality documents.  The TSA may 
include assessment of field sampling, laboratory operations, equipment, procedures, records 
management, or technology application in support of environmental data operations.   

Surveillances will be incorporated into the assessment program to provide a less formal 
independent evaluation of items, activities, or processes for conformance with specific 
requirements.  Performance areas that may be reviewed during surveillances include: 

 Training and qualification of personnel 

 SOPs 

 Work performance 

 Verification activities 

 Documents and records  

 Purchased items and services 

 Measuring and test equipment. 

The minimum QA/QC practices for ORD Laboratories, as discussed in Subsection 2.1.5, will be 
included in the periodic surveillance review cycle and assessed during scheduled laboratory 
surveillances. EPA, at their discretion, may also conduct assessments to verify compliance with 
the requirements of this QAPP.   

Assessment activities that will be conducted by EPA include the submittal of PE samples 
(including double blind PE samples), readiness reviews, TSAs and ADQs (as described in 
Section C1).  Pegasus, UC and Shaw will fully cooperate with EPA for EPA-conducted 
assessments. 

C.2.1  Performance Evaluation (PE) Samples 

If PE standards are available for the evaluation of the analytical methods described in this QAPP 
(shown in Table B4.1), the Pegasus/UC/Shaw Team staff will analyze PE materials received 
from EPA. The EPA WSWRD QA Manager may also choose to submit PE standards for 
analysis as an independent assessment of performance for a particular analytical method. The PE 
sample received will be treated and processed as a sample, and will be analyzed in accordance 
with the analytical methods shown in Table B4.1. All documentation, including sample receipt 
and storage, raw data, verification and validation of results, are included in the project file, as 
appropriate.  Results will be internally reviewed by Pegasus/UC/Shaw prior to submittal to EPA 
for approval and reporting.  
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C2.2  Assessments 

The Pegasus Contract QA Manager will conduct project assessments (i.e., TSAs, readiness 
reviews or surveillances) on a quarterly basis. Assessments will be conducted in accordance with 
Section 9 of the Pegasus QMP.  The data may also be assessed by use of a laboratory-focused 
TSA as detailed in the WA Quality document.  The TSA focuses on sample receipt and handling, 
method parameters, equipment maintenance and calibration, and/or data reduction requirements 
as specified in the WA Quality document. 

C2.3  Corrective Actions 

Deficiencies requiring corrective action will be documented on a Corrective Action Plan form 
by the responsible individual, as determined by the Pegasus On-Site Technical Manager or 
Shaw Program Manager, and submitted to the Pegasus Contract QA Manager. Corrective 
actions will be implemented by the individual(s) identified on the Corrective Action Plan form. 
The Pegasus Contract QA Manager will track corrective actions to closure and notify 
management when closure of items is complete. 

C2.4 Reports to Management 

Assessment reports will contain the assessment ID; location; purpose and scope; assessment 
type; assessment date(s); persons contacted; activities observed; and assessment results. 
Assessment reports are prepared by the Pegasus Contract QA Manager and distributed to the 
WA/Project Leader and responsible manager.  A response is prepared for QA assessment 
findings by the WA/Project Leader to the Contract QA Manager within 30 days, unless 
otherwise specified, after receipt of the final assessment report.  Corrective Action Plans are 
generated in response to assessment findings, logged and tracked by the Pegasus Contract QA 
Manager through closure.  When all findings of the assessment have been closed, notice is sent 
by the Pegasus Contract QA Manager to the WA/Project Leader and responsible manager. 
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SECTION D DATA VALIDATION AND USABILITY 

D1 EPA DATA REVIEW, VERIFICATION, AND VALIDATION 

Criteria that will be used to accept, reject, or qualify data will include specifications presented in 
this QAPP, including the methods used and the measurement performance criteria presented in 
Table B.5.1.  In addition, sample preservation and holding times will be evaluated against 
requirements provided in Table B.2.1. 

Data will not be released outside of NRMRL until all study data have been reviewed, verified 
and validated as described in this QAPP.  The PI is responsible for deciding when project data 
can be shared with interested stakeholders upon approval by the NRMRL Lab Director. 

Data verification will evaluate data at the data set level for completeness, correctness, and 
conformance with the method.  Data verification will be done by those generating the data.  This 
will begin with the personnel in the field and the analysts in the laboratory, monitoring the 
results in real-time or near real-time.  The contractor laboratories shall contact the PI and the WA 
Manager upon detection of any data quality issues which significantly affect sample data.  They 
shall also report any issues identified in the data report, corrective actions, and their 
determination of impact on data quality.   

Data reports are reviewed by the PI and the WA Manager for completeness, correctness, and 
conformance with QAPP requirements.  All sample results are verified by the PI to ensure they 
meet project requirements as defined in the QAPP and any data not meeting these requirements 
are appropriately qualified in the data summary prepared by the PI (or in the work assignment 
deliverables prepared by contractors that will be used by the PI).  See Section D3 for the Data 
Qualifiers.   The Contract Laboratory Program guidelines on organic (EPA, 2008) and inorganic 
(EPA, 2010) methods data review are used as guidance in application of data qualifiers. 

Data validation is an analyte- and sample-specific process that evaluates the data against the 
project specifications as presented in the QAPP.  Data validation (i.e., audit of data quality) will 
be performed by a party independent of the data collection activity.  Data summaries for the 
critical analytes that have been prepared by the PI as well as laboratory data reports and raw data 
(see D2) shall be provided to the QAM, who will coordinate the data validation.  The validation 
team shall evaluate data against the QAPP specifications.  NRMRL SOP #LSAS-QA-02-0, 
“Performing Audits of Data Quality” will be used as a guide for conducting the data validation.  
The outputs from this process will include the validated data and the data validation report (ADQ 
Report).  The report will include a summary of any identified deficiencies,   and a discussion on 
each individual deficiency and any effect on data quality and recommended corrective action.   
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D2 PEGASUS AND SHAW DATA REVIEW, VERIFICATION, AND VALIDATION 

Data verification and validation is performed following the guidance provided in the EPA 
guidance document entitled, Guidance on Environmental Data Verification and Validation, EPA 
QA/G-8. 

Initial data assessment is conducted by an analyst who is knowledgeable regarding the WA 
Quality requirements.  The analyst determines that samples have been analyzed, calibration and 
QC data requirements have been met, and the data are ready for verification.  This assessment is 
documented on the data summary sheet. 

A complete verification (100% of the data) is conducted by knowledgeable personnel other than 
the analyst, as assigned by the Project Leader, QA Manager, or On-Site Technical Manager.  
This verification is documented on the cover of the data summary.  Data verification includes 
review of the data for completeness, correctness, and technical compliance as summarized 
below. 

• Completeness 

• The data package received contains the documentation listed in the data validation 
section (below). 

• Forms and other required information have been completed. 
• All expected samples and analyses were reported. 
• Relevant information for each analysis, including QC results and supporting 

documentation, are included in the data package. 

• Correctness 

• Results have been transcribed correctly to the reporting sheets. 
• Correct application of dilution factors. 
• Sample results are supported by valid QC. 
• Missing results and QC outliers have been noted. 

• Technical compliance 

• Sample hold times were met. 
• The correct analytical method was used for each analysis, as specified in the QAPP. 
• The samples were properly preserved in accordance with the requested method. 
• Calculations, QC frequencies, and acceptance criteria applied to the data are the same 

as those specified in this QAPP. 

Data validation of 10 percent of analytical data generated is conducted by qualified individuals 
(or organizations) that are sufficiently independent of those who performed the work, but are 
collectively equivalent in technical expertise.  Data validation is conducted to ensure that 
activities are technically adequate, competently performed, properly documented, and satisfy 
established technical and quality requirements.   The Pegasus Contract QA Manager is 
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responsible for ensuring that assigned data validators are sufficiently independent to perform the 
validation.  

Data validation tasks begin with a review of the QAPP requirements.  The data are submitted to 
the validator in "packets."  Each packet contains the data for one sampling event and the 
following information in the order given here (unless a different submittal packet is agreed to by 
the validator and the submitter): 

• General overview of the data, including information such as the number of samples, the 
matrix, a brief background on the site and/or system from which the samples originated, 
and any known problems with the data in general or with specific samples.  An example 
Laboratory Data Summary Report is provided in Appendix K.  

• Field, chain-of-custody, or other pre-analysis information 

• Standards data  

• Initial calibration data 

• Continuing calibration data 

• Blank data 

• Sample results, including raw data 

• QC data. 

Additional validation may be recommended if significant anomalies are detected during the 10 
percent review.  Significant anomalies may include missed holding times, calibration 
inconsistent with method and/or WA requirements, contaminated blank results, laboratory 
control samples outside control limits, replicate analysis outside RPD limits, matrix spike/matrix 
spike duplicate (MS/MSD) results outside recovery limits, or calculation errors. 

D3 DATA QUALIFICATION 

Data qualification is an integral component of data reporting, review and validation. During data 
reporting and review, qualifiers are applied to ensure the laboratory has provided data of known 
quality. During data validation, qualifiers are applied to alert the data end user to quality 
problems that may impact the usability of the data.  Data qualifiers may be assigned to particular 
sample results based on available information, including: laboratory QC summaries, exceeded 
holding times, unavoidable analytical interference, laboratory data summary information, etc.  
The data qualifiers and other data descriptors to be used in this project are below in Table D3.1 
and D3.2. 
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Table D3.1 Data Descriptors 

Descriptor Definitions 
NA Not Applicable (See QAPP) 

NR Not Reported by Laboratory or Field Sampling Team 

ND Not Detected 

NS Not Sampled 

 
 
 

 

Table D3.2 Data Qualifiers 

Qualifier Definitions 

U The analyte was analyzed for, but not detected above the 
reported sample quantitation limit. 

J 
The analyte was positively identified; the associated numerical 

value is the approximate concentration of the analyte in the 
sample.  

J+ The result is an estimated quantity, but the result may be 
biased high. 

J- For both detected and non-detected results, the result is 
estimated but may be biased low. 

B 
The analyte is found in a blank sample above the quantitation 
limit, and the concentration in the sample is less than 10 times 

the concentration found in the blank. 

H 
The sample was prepared or analyzed beyond the specified 

holding time. Sample results may be biased low. 

* Relative percent difference of a field or lab duplicate is outside 
acceptance criteria. 

R The sample results are rejected due to serious deficiencies in 
the ability to analyze the sample and meet QC criteria. The 

presence or absence of the analyte cannot be confirmed. 
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Application Notes for Data Qualifiers: 

• If the analyte concentration was less than the Quantitation Limit (<QL), then 
the B qualifier will not be applied. 

 

• If both an analyte and an associated blank concentration are between the 
MDL and QL, then the sample results are reported as <QL and qualified with 
U. 

 
• For samples associated with high Matrix Spike recoveries, the J+ qualifier 

will not be applied if the analyte is less than the Quantitation Limit (<QL). 

 

• For samples associated with low Matrix Spike recoveries, the J- qualifier 
will be applied to the analyte with low recovery regardless of analyte 
concentration (< or > QL).  
 

D4 RECONCILIATION WITH USER REQUIREMENTS 

The data will be evaluated to check if they conform to the QA objectives of the project.  A 
statistical assessment for accuracy, precision, and completeness will be performed. All analyses 
will be required to meet data quality objectives before formulation of the final report and/or 
manuscript.  The individual EPA Method or SOPs documenting an analysis will include a 
discussion of data verification, including ascertaining matrix effects and instrumental biases.  
Where failures are observed in the individual methods, data will be marked as suspect.  

Sample data will be presented in tabular format or in figure. All parameters will be reported 
along with the mean, standard deviation and range, when applicable. Tabular data summaries 
will be included in the main discussion of the reports.  
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SUMMARY OF REVISION 

Revision 
Number 

Revision 
Date Description of Change 

3 05/16/2013 Approved for implementation. 

3.1 05/16/2013 

Page change revision (see cover page, and pages 6 and 43). 
Added Summary of Revision to Table of Contents and on page 57;  
Corrected the anions LFSM acceptance criteria (Table B5.1, page 43) from 
±20% to ±25% to align with Section 9.4.1.4 of EPA Method 300.1. 

4 01/03/2014 

Updated personnel since original list of personnel were insufficient to complete 
the experiments on time (pages 10 – 18). Added UC staff to list of personnel 
since part of the analyses (alkalinity, DOC, TDS/TSS and TOC) may be 
conducted at UC. Changed experimental protocol to use stir plates instead of jar 
testers as the use of jar testers would take too much time to complete the 
experiments (pages 22 and 24). Only 60L of surface water was obtained from a 
single sampling site (as opposed to the original plan of obtaining surface waters 
from each of the 5 sampling sites). Since this volume of water was insufficient to 
complete all the experiments described in this QAPP, and since using different 
water matrices may affect DBP formation in different ways, a decision was made 
by the EPA PI to use Ohio River water as a surface water source (page 20). 
 
Included alkalinity and SUVA as analytes at the request of the EPA PI. 
 
Included information on sampling sites (page 20); updated tables A6.2, B1.1 and 
B2.2to reflect actual samples. 
 
Addressed comments raised during the TSA conducted by Rebecca Shircliff 
(Neptune and Company, Inc.), Holly Ferguson (EPA/NRMRL) and John 
Olszewski (EPA/NRMRL) on November 6, 2013, including clarification of 
criteria for THMs 2nd column confirmation, conductivity QC checks and pH 
(Table B5.1), number of source waters (page 20), bench-scale reactor sampling 
(pages 24-25, 31-35), updating  MDL for free chlorine (table B4.1), and 
clarifying roles of contract QA management for training records (section A8). 
 
Included Project Staff concurrence page (pages 3-4) 
 
Clarified role of Pegasus project personnel (page 14) 
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METHOD #: 310.1 Approved for NPDES (Editorial Revision 1978)


TITLE: Alkalinity (Titrimetric, pH 4.5)


ANALYTE: Alkalinity 


INSTRUMENTATION: Titration


STORET No. 00410


1.0 Scope and Application


1.1 This method is applicable to drinking, surface, and saline waters, domestic and
industrial wastes.


1.2 The method is suitable for all concentration ranges of alkalinity; however,
appropriate aliquots should be used to avoid a titration volume greater than 50
mL.


1.3 Automated titrimetric analysis is equivalent.


2.0 Summary of Method


2.1 An unaltered sample is titrated to an electrometrically determined end point of
pH 4.5. The sample must not be filtered, diluted, concentrated, or altered in
any way.


3.0 Comments


3.1 The sample should be refrigerated at 4°C and run as soon as practical. Do not
open sample bottle before analysis.


3.2 Substances, such as salts of weak organic and inorganic acids present in large
amounts, may cause interference in the electrometric pH measurements.


3.3 For samples having high concentrations of mineral acids, such as mine wastes
and associated receiving waters, titrate to an electrometric endpoint of pH 3.9,
using the procedure in:Annual Book of ASTM Standards, Part 31, "Water", p
115, D- 067, Method D, ( 1976). 


3.4 Oil and grease, by coating the pH electrode, may also interfere, causing
sluggish response.


4.0 Apparatus


4.1 pH meter or electrically operated titrator that uses a glass electrode and can be
read to 0.05 pH units. Standardize and calibrate according to manufacturer's
instructions. If automatic temperature compensation is not provided, make
titration at 25 ±2 °C.


4.2 Use an appropriate sized vessel to keep the air space above the solution at a
minimum. Use a rubber stopper fitted with holes for the glass electrode,
reference electrode (or combination electrode) and buret.


4.3 Magnetic stirrer, pipets, flasks and other standard laboratory equipment.







4.4 Burets, Pyrex 50, 25 and 10 mL.


5.0 Reagents


5.1 Sodium carbonate solution, approximately 0.05 N: Place 2.5 ±0.2 g (to nearest
mg) Na CO  (dried at 250°C for 4 hours and cooled in desiccator) into a 1 liter2 3


volumetric flask and dilute to the mark.
5.2 Standard acid (sulfuric or hydrochloric), 0.1 N: Dilute 3.0 mL conc H SO  or 8.32 4


mL conc HCl to 1 liter with distilled water. Standardize versus 40.0 mL of 0.05
N Na CO  solution with about 60 mL distilled water by titrating2 3


potentiometrically to pH of about 5. Lift electrode and rinse into beaker. Boil
solution gently for 3-5 minutes under a watch glass cover. Cool to room
temperature. Rinse cover glass into beaker. Continue titration to the pH
inflection point. Calculate normality using:


where:


A = g Na CO  weighed into 1 liter2 3


B = mL Na CO  solution2 3


C = mL acid used to inflection point


5.3 Standard acid (sulfuric or hydrochloric), 0.02 N: Dilute 200.0 mL of 0.1000 N
standardacid to 1 liter with distilled water. Standardize by potentiometric
titration of 15.0 mL 0.05N Na CO  solution as above. 2 3


6.0 Procedure


6.1 Sample size
6.1.1 Use a sufficiently large volume of titrant ( > 20 mL in a 50 mL buret) to


obtain good precision while keeping volume low enough to permit
sharp end point.


6.1.2 For < 1000 mg CaCO /L use 0.02 N titrant3


6.1.3 For > 1000 mg CaCO /L use 0.1 N titrant3


6.1.4 A preliminary titration is helpful.
6.2 Potentiometric titration


6.2.1 Place sample in flask by pipetting with pipet tip near bottom of flask
6.2.2 Measure pH of sample
6.2.3 Add standard acid (5.2 or 5.3), being careful to stir thoroughly but


gently to allow needle to obtain equilibrium.
6.2.4 Titrate to pH 4.5. Record volume of titrant.


6.3 Potentiometric titration of low alkalinity
6.3.1 For alkalinity of <20 mg/L titrate 100-200 mL as above (6.2) using a 10


mL microburet and 0.02 N acid solution (5.3).
6.3.2 Stop titration at pH in range of 4.3-4.7, record volume and exact pH.


Very carefully add titrant to lower pH exactly 0.3 pH units and record
volume. 







7.0 Calculations


7.1 Potentiometric titration to pH 4.5


where:
A = mL standard acid
N = normality standard acid


7.2 Potentiometric titration of low alkalinity:


where:


B = mL titrant to first recorded pH 
C = total mL titrant to reach pH 0.3 units lower 
N = normality of acid


8.0 Precision and Accuracy


8.1 Forty analysts in seventeen laboratories analyzed synthetic water samples
containing increments of bicarbonate, with the following results:


Increment as Precision as Accuracy as
Alkalinity Standard Deviation Bias, Bias,


mg/liter, CaCO mg/liter, CaCO % mg/L, CaCO3 3 3


8 1.27 + 10.61 +0.85
9 1.14 +22.29 +2.0
113 5.28 - 8.19 -9.3
119 5.36 - 7.42 -8.8


(FWPCA Method Study 1, Mineral and Physical Analyses)


8.2 In a single laboratory (EMSL) using surface water samples at an average
concentration of 122 mg CaCO /L , the standard deviation was ±3.3


Bibliography


1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 278,
Method 403, (1975).


2. Annual Book of ASTM Standards, Part 31, "Water", p 113, D-1067, Method B, (1976).
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Revision Summary 
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Updated page headers to reflect correct 
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added flowchart to Attachment A and 
advanced existing Attachment to B, 
revised Attachment references 
accordingly. 


2 Jill Webster 12/08/2010 
Revised Sections 6, 8 through 12, 
Attachment A and B. Updated references 
and wording as needed. 
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1.0 Scope and Applicability 
 


This standard operating procedure (SOP) establishes the guidelines for determining total dissolved 
solids (TDS) in water samples.   


 
2.0 Summary of Method 
 


A known quantity of well-mixed sample is filtered through a glass-fiber filter, and the filterable solids 
are collected.  The filtrate is placed into an evaporating dish and evaporated to dryness in an oven 
at 180oC until a constant mass is obtained.  The final dish mass subtracted from the initial dish 
mass represents the total dissolved solids in the sample. 


 
3.0 Definitions 


 
Analysis Batch – a set of samples prepared and analyzed together during a 24-hour period.  For 
purposes of this SOP, an analysis batch is limited to 10 field samples or the number specified in the 
project-specific Quality Assurance Project Plan (QAPP).  Quality control (QC) samples are not 
counted toward the 10 sample limit. 


 
4.0 Health and Safety Warnings 
 


4.1 Standard laboratory personal protective equipment (PPE) (i.e., lab coat, gloves, and safety 
glasses) is required.  In addition, any project-specific protective gear is required as described 
in the project-specific Health and Safety Plan. 


 
4.2 Appropriate heat-resistant PPE shall be worn when using and removing items from muffle 


furnaces and ovens. 
 


5.0 Cautions 
 


5.1 Keep evaporating dish dry and clean prior to use.  If possible, store in a desiccator until ready 
for use. 


 
5.2 Use caution when moving evaporating dishes with dried residue to avoid potential loss of 


residue. 
 


5.3 Verify that the suction flask is not connected to the vacuum pump in a manner where the 
filtrate is drawn into the vacuum pump. 


 
6.0 Interferences 
 


Excessive amounts of residue in the dish may form a water-entrapping crust.  To avoid this 
problem, reduce the sample volume so that no more than 200 mg of sample residue is collected.  
Highly mineralized waters may have hydroscopic content; these samples may require longer drying 
periods and must be weighed quickly. 


 
7.0 Personnel Qualifications 
 


The techniques of a first time analyst shall be reviewed by an experienced analyst prior to initiating 
this SOP alone.  During this review, the new analysts will be expected to demonstrate their 
capability to perform this analysis. 


 
8.0 Equipment and Supplies 


 
8.1 Balance, capable of weighing 0.1 mg 







SOP 510, Total Dissolved Solids 
Revision Number:  2 


 Date 12/08/2010 
Page 6 of 11 


 


  


8.2 Desiccator with color-indicating desiccant 
 
8.3 Filtration apparatus 
 
8.4 Suction flask, of minimum capacity to collect all sample filtrate 
 
8.5 Tweezers 
 
8.6 Commercially prepared glass-fiber filter disks without organic binder, 2.2 cm to 12.5 cm 


diameter, 2.0 µm or smaller pore size.  Available through Fisher Scientific, Catalog Number 
09-735-56 or HACH, Product Number 2546100. 


 
8.7 Porcelain, platinum or high silica glass evaporating dishes, of minimum capacity to collect all 


sample filtrate 
 
8.8 Graduated cylinder(s) 
 
8.9 Oven capable of maintaining a controlled temperature of 180±2oC  
 
8.10 Pipettes 


 
8.11 Vacuum pump 


 
8.12 High Density Polyethylene (HDPE) plastic or glass containers, 1 Liter 


 
8.13 Dried NaCl 


 
8.14 Reagent water 


 
9.0 Procedure 
 


9.1 Instrument/Equipment Verification 
 


9.1.1 Maintain and verify the quality of analytical glassware in accordance with T&E SOP 
203, Analytical Glassware. 


 
9.1.2 Perform all balance checks, and mass measurements in accordance with T&E SOP 


508, Mass Determinations Using Analytical Balances. 
 


9.2 Preparation of Check Standard 
 


9.2.1 Unless otherwise specified, all reagents and standards need to be acquired, 
prepared, and maintained in accordance with T&E SOP 206, Reagents and 
Standards. 


 
9.2.2 Add 500 mg of dried NaCl to a 1 L HDPE plastic or glass container and dilute to 1 


Liter. 
 
9.2.3 Replace check standard solution after six months. 
 
9.2.4 Label the container with the preparation date, expiration date (six months from 


preparation date), and preparer’s initials. 
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9.3 Sample Collection, Handling, and Preservation 
 


9.3.1 Collect samples in High Density Polyethylene (HDPE) plastic or glass containers. 
 
9.3.2 A minimum sample volume of 250 mL is required for sample analysis; 1 L is 


recommended. 
 
9.3.3 Samples collected for analysis in accordance with this SOP shall be preserved at 


4±2oC immediately after collection and processed within 7 days after sample 
collection. 


 
9.4 Sample Analysis 
 


Note:  The residue collected on the glass-fiber filter disk during this procedure can be used to 
determine the Total Suspended Solids (TSS) concentration as described in T&E SOP 509, 
Total Suspended Solids.  


 
9.4.1 Determine the mass of a clean and dry evaporating dish and record the results on 


Attachment B, Datasheet for Total Dissolved Solids Analysis. 
 


9.4.2 Record the sample ID on the evaporating dish. 
 


9.4.3 Determine the appropriate sample volume to use.  Record the sample volume on 
Attachment B. The normal sample volume is 250 mL.   


 
9.4.3.1 If the filtration time exceeds 20 minutes, reduce the sample volume to 


obtain between 2.5 to 200 mg of residue.  
 
9.4.3.2 If there is no visible residue on the filter disk, increase the sample 


volume to obtain between 2.5 to 200 mg of residue, but do not go above 
1 L.  


 
9.4.4 Connect the vacuum pump to a clean suction flask and connect the suction flask to 


the filtration apparatus.  Verify that the suction flask is not connected to the vacuum 
pump in a manner where the filtrate is drawn into the vacuum pump.  


 
9.4.5 Place the pretreated glass-fiber filter disk, wrinkled side up, in the filter apparatus. 


 
9.4.6 Apply the vacuum.  
 
9.4.7 Seat the glass-fiber filter disk by wetting it with a little deionized water.  
 
9.4.8 Invert the sample several times to thoroughly mix.  Pour the appropriate sample 


volume into a graduated cylinder. 
 


9.4.9 Filter the sample through the filter disk.  
 
9.4.10 After the sample passes through the filter disk, wash the graduated cylinder, residue, 


and filter disk with three (3) successive 10 mL portions of reagent water.  Allow 
complete drainage between washings.  


 
9.4.11 Continue to apply a vacuum until all visible traces of water have been removed. 
 
9.4.12 Turn off the vacuum.  
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9.4.13 Disconnect the suction flask and transfer the filtrate to the evaporating dish.  Rinse 
the suction flask with three (3) successive 10 mL portions of reagent water, 
transferring each rinse from the suction flask to the evaporating dish.   


 
9.4.13.1 If the volume of filtrate exceeds the capacity of the evaporating dish, 


successive portions of filtrate can be later added to the evaporating 
dish after evaporation. 


 
9.4.14 Place the evaporating dish with the filtrate in an oven set at 180±2oC and evaporate 


to dryness.  Add any filtrate remaining from Step 9.4.13 and repeat the process until 
no filtrate remains. 


 
9.4.15 Continuing drying the evaporated sample for at least one (1) hour. 


 
9.4.16 Remove the evaporating dish with evaporated sample from the oven and place in a 


desiccator.  Allow to cool to room temperature.  
 
9.4.17 Weigh the evaporating dish and evaporated sample and record the mass on 


Attachment B, Datasheet for Total Dissolved Solids Analysis. 
 
9.4.18 Repeat Steps 9.4.15 through 9.4.17 until a constant mass is obtained.  Constant 


mass is achieved when the mass change in successive mass determinations is less 
than 4% or less than 0.5 mg.  


 
9.4.19 Once a constant mass has been achieved, record the final mass of the sample 


residue on Attachment B, Datasheet for Total Dissolved Solids Analysis. 
 


9.5 Data Analysis and Calculations 
 


9.5.1 TDS, mg/L = 
mLVolumeSample


BA
,


1000)( ×−
    


Where: 
 


A = Mass of evaporating dish + dried sample, mg. 
B = Mass of evaporating dish, mg. 


 
9.5.2 If the results are less than 2, report as “<2 mg/L”.  Report to the nearest whole mg/L. 


Record the results on Attachment B, Datasheet for Total Dissolved Solids Analysis. 
 
9.5.3 The relative percent difference (RPD) between duplicate sample analyses shall be 


less or equal to 20%.  If not, repeat the analyses.  
 


9.5.4 Draw a single line through any unused sample analysis fields on Attachment B, 
Datasheet for Total Dissolved Solids Analysis. 


 
10.0 Data and Records Management 
 


10.1 Attachment A contains a flow chart for total dissolved solids analysis. 
 
10.2 All original analytical documentation generated and prepared for the EPA shall be controlled 


in accordance with T&E SOP 101, Central Files. 
 
10.3 All data packages shall be assembled and reviewed per T&E SOP 102, Data Review and 


Verification. 
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11.0 Quality Control and Quality Assurance 
 


11.1 Analyze one blank sample per analysis batch.  The blank is prepared by filtering 250 mL of 
reagent water through a pre-treated glass-fiber filter and processing the blank filtrate with the 
samples.  The results for the blank shall be less than 2 mg/L.  If not, repeat the analysis. 


 
11.2 Analyze one check standard per analysis batch.  The check standard is processed as a 


sample and analyzed.  The acceptance criteria for check standard results must be within 
±25% of known value.  If an invalid check standard result is obtained, investigate causes for 
invalid results and check all calculations.  If possible, repeat analysis for affected samples. 


 
11.3 Analyze one duplicate sample per analysis batch.  The relative percent difference (RPD) 


between duplicate sample analyses shall be less or equal to 20%.  If not, repeat the analysis.  
 
11.4 Record the results of the blank, check standard and duplicate sample where indicated on 


Attachment B, Datasheet for Total Dissolved Solids Analysis.   
 
12.0 References 
 


12.1 American Public Health Association, 1998.  Standard Methods for the Examination of Water 
and Wastewater, 20th Edition, Method 2540-C Total Suspended Solids Dried at 103o-105oC. 


 
12.2 EPA, March 2001.  Guidance for Preparing Standard Operating Procedures (EPA QA/G-6), 


EPA/240/B-01/004, Office of Environmental Information. 
 


12.3 Guide to Environmental Analytical Methods, 3rd Edition.  Genium Publishing Corporation, 
Schenectady, NY. 


 
12.4 Shaw Environmental & Infrastructure, Inc., 2006.  EPA T&E Contract Administrative SOP 


101, Central Files. 
 


12.5 Shaw Environmental & Infrastructure, Inc., 2006.  EPA T&E Contract Administrative SOP 
102, Data Review and Verification. 


 
12.6 Shaw Environmental & Infrastructure, Inc., 2010.  EPA T&E Contract Technical SOP 203, 


Analytical Glassware. 
 


12.7 Shaw Environmental & Infrastructure, Inc., 2006.  EPA T&E Contract Technical SOP 206, 
Reagents and Standards. 


 
12.8 Shaw Environmental & Infrastructure, Inc., 2010.  EPA T&E Contract Technical SOP 508, 


Mass Determinations Using Analytical Balances. 
 


12.9 Shaw Environmental & Infrastructure, Inc., 2010.  EPA T&E Contract Technical SOP 509, 
Total Suspended Solids. 
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ATTACHMENT A 
TOTAL DISSOLVED SOLIDS ANALYSIS FLOW CHART 


 


Verify balance calibration per 
SOP 508, Mass Determinations 


Using Analytical Balances. 


Determine the mass of an empty 
evaporating dish. 


Has all sample 
filtrate been 
processed? 


Use Attachment B, Datasheet for 
TDS Analysis to record 


calibration and analysis data. 


File completed Attachment B 
with data package in accordance 


with T&E SOP 102, Data 
Review and Verification. 


Place evaporating dish with 
sample residue in oven for 1 


additional hour. 


Yes 


Filter sample and collect filtrate. 


Place sample filtrate in 
evaporating dish and evaporate 


filtrate in oven to dryness. 


Determine the mass of 
evaporating dish with sample 


residue. 


No 


Cool evaporating dish with 
sample residue in desiccator. 


Determine the mass of 
evaporating dish with sample 


residue. 


Cool evaporating dish with 
sample residue in desiccator. 


Has a constant 
mass been 
obtained? 


Yes 


No 
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ATTACHMENT B 
DATASHEET FOR TOTAL DISSOLVED SOLIDS ANALYSIS 


 
Analysis Date:     Work Assignment:      


         
Before Analysis - TDS Balance Check: 100.0000g   150.0000g    
After Analysis - TDS Balance Check: 100.0000g   150.0000g    


         


Standard prepared by adding 500mg dried NaCl to 1L volumetric flask and filling to volume with reagent water 
Chemical Distributer Lot # Mass used Concentration (mg/L) 


NaCl         
 


Sample ID Filter 
# 


Sample 
Volume (mL) 


Evaporating 
Dish (g) 


Evaporating Dish + residue TDS Result (mg/L)
1st (g) 2nd (g) 3rd (g) 


Blank 1             
Standard 2             
  3             
  4             
  5             
  6             
  7             
  8             
  9             
  10             
  11             
  12             
  13             


Balance Checks 100 g or 150 g             
 


Is Blank Recovery < 2.0mg/L?  Yes   No 


Is Standard Recovery within 25% of calculated values?  Yes   No 
 


Sample ID Sample Result Duplicate Result RPD 
    


 
Is Duplicate RPD < 20%?  Yes   No 


 
Comments:  
 
 


 
Analyst:   Date:  


Reviewed By:   Date:  
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Revision Summary 


Revision Name Date Description of Change 


0 Steven Jones 01/18/2006 Developed SOP.  


1 Jill Webster 12/08/2010 
Revised Sections 4 through 5, 9 
through 12, Attachments A and 
B. Updated references and 
wording as needed. 


2 Steven Jones 11/25/2013 


Revised Attachment B to 
change balance verification 
checks from 1g and 10g to 0.1g 
and 2g, added requirement for 
verifying the mass of 1 filter per 
batch, and added section for 
preparing glass-fiber filters.  
Revised procedure to align with 
Attachment B. 
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1.0 Scope and Applicability 
 


This standard operating procedure (SOP) establishes the guidelines for determining total suspended 
solids (TSS) in water samples.  


 
2.0 Summary of Method 
 


A known quantity of well-mixed sample is filtered through a glass-fiber filter, and the non-filterable 
solids are collected.  The residue collected on the filter is dried in an oven at 103o-105oC until a 
constant mass is obtained.  The mass of the residue represents the TSS in the sample. 


 
3.0 Definitions 
 


Analysis Batch – a set of samples prepared and analyzed together during a 24-hour period.  For 
purposes of this SOP, an analysis batch is limited to 10 field samples or the number specified in the 
project-specific Quality Assurance Project Plan (QAPP).  Quality control (QC) samples are not counted 
toward the 10 sample limit. 


 
4.0 Health and Safety Warnings 
 


4.1 Standard laboratory personal protective equipment (PPE) (i.e., lab coat, gloves, and safety 
glasses) is required.  In addition, any project-specific protective gear is required as described in 
the project-specific Health and Safety Plan. 


 
4.2 Appropriate heat-resistant PPE shall be worn when using and removing items from muffle 


furnaces and ovens. 
 


5.0 Cautions 
 


5.1 Keep glass-fiber filter disks and aluminum weighing pans dry and clean prior to use.  If possible, 
store in a desiccator until ready for use. 


 
5.2 Use caution when moving filter disks with dried residue to avoid potential loss of residue. 


 
5.3 Verify that the suction flask is not connected to the vacuum pump in a manner where the filtrate 


is drawn into the vacuum pump. 
 
6.0 Interferences 
 


Excessive amounts of non-filterable materials accumulating on the glass-fiber filter during filtration may 
form a water-entrapping crust.  To avoid this problem, reduce the sample volume so that no more than 
200 mg of sample residue is collected during filtration. 


 
7.0 Personnel Qualifications 
 


The techniques of a first time analyst shall be reviewed by an experienced analyst prior to initiating this 
SOP alone.  During this review, the new analyst will be expected to demonstrate their capability to 
perform this analysis. 


 
8.0 Equipment and Supplies 


 
8.1 Balance, capable of weighing 0.1 mg 


 
8.2 Dried Activated Charcoal 


 
8.3 Desiccator with color-indicating desiccant 
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8.4 Filtration apparatus 
 
8.5 Suction flask, of minimum capacity to collect all filtrate 
 
8.6 Tweezers 
 
8.7 Commercially prepared glass-fiber filter disks without organic binder, 2.2 cm to 12.5 cm 


diameter, 2.0 µm or smaller pore size.  Available through Fisher Scientific, Catalog Number 09-
735-56 or HACH, Product Number 2546100. 


 
8.8 Aluminum weighing pans 
 
8.9 Graduated cylinder(s) 
 
8.10 Oven capable of maintaining a controlled temperature of 103oC - 105oC 
 
8.11 Pipettes 
 
8.12 Vacuum pump 


 
8.13 High Density Polyethylene (HDPE) plastic or glass containers, 1 Liter 


 
8.14 Reagent water 


 
9.0 Procedure 
 


9.1 Instrument/Equipment Verification 
 


9.1.1 Maintain and verify the quality of analytical glassware in accordance with T&E SOP 203, 
Analytical Glassware. 


 
9.1.2 Perform all balance checks and mass measurements in accordance with T&E SOP 508, 


Mass Determinations Using Analytical Balances. 
 


9.2 Preparation of Check Standard 
 


9.2.1 Unless otherwise specified, all reagents and standards need to be acquired, prepared, 
and maintained in accordance with T&E SOP 206, Reagents and Standards. 


 
9.2.2 Add 400 mg of dried activated charcoal to a 1 L HDPE plastic or glass container and 


dilute to 1 L with reagent water. 
 
9.2.3 Prepare new check standard solution monthly. 
 
9.2.4 Label the container with the preparation date, expiration date (one month from 


preparation date), and preparer’s initials. 
 


9.3 Sample Collection, Handling, and Preservation 
 


9.3.1 Collect samples in High Density Polyethylene (HDPE) plastic or glass containers. 
 
9.3.2 A minimum sample volume of 250 mL is required for sample analysis; 1 L is 


recommended. 
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9.3.3 Samples collected for analysis in accordance with this SOP shall be preserved at 4±2oC 
immediately after collection and processed within 7 days after sample collection. 


 
9.4 NOTE: Prepared glass-fiber filters may be purchased commercially.  If commercially prepared 


filters are utilized in this procedure, simply record the tare weight on Attachment B, Datasheet for 
Total Suspended Solids Analysis and proceed to Section 9.5. 


 
9.4.1 Preparation of glass-fiber filter disks 


 
9.4.1.1 Assemble the filter apparatus. 
 
9.4.1.2 Insert the glass-fiber filter disk, wrinkled side up, in the filtration apparatus. 
 
9.4.1.3 Apply vacuum. 
 
9.4.1.4 Wash the glass-fiber filter disk with three (3) successive 20 mL portions of 


reagent water. 
 
9.4.1.5 Continue to apply the vacuum until the visible water has been removed.  Turn 


off the vacuum and discard the washings.  
 
9.4.1.6 Remove the top of the funnel and transfer the glass-fiber filter disk to an 


aluminum weighing pan. 
 
9.4.1.7 Place the aluminum weighing pan with the glass-fiber filter disk in an oven set 


between 103oC and 105oC overnight. 
 
9.4.1.8 Remove the aluminum weighing pan and glass-fiber filter disk from the oven 


and place in a desiccator.  Allow to cool to room temperature. 
 


9.5 Sample Analysis 
 


Note:  The filtrate from this procedure can be used to determine the Total Dissolved Solids 
(TDS) concentration as described in T&E SOP 510, Total Dissolved Solids.  


 
9.5.1 Prior to sample analysis, determine the accuracy of the weighing process by determining 


the weights of a “blank filter” (1 per batch). Remove one clean glass-fiber filter from the 
desiccator, weigh filter, and record the initial weight on Attachment B, Datasheet for 
Total Suspended Solids Analysis. 
 


9.5.2 Label aluminum weigh pans with the Filter # (see Attachment B). 
 


9.5.3 Record the Sample IDs on Attachment B, Datasheet for Total Suspended Solids 
Analysis. 
 


9.5.4 Re-weigh the “blank filter” and record the re-weight on Attachment B, Datasheet for 
Total Suspended Solids Analysis.  Any discrepancies between initial weight and re-
weight need to be resolved prior to sample analysis.   
 


9.5.5 Determine the appropriate sample volume to use.  Record the sample volume on 
Attachment B. The normal sample volume is 250 mL.  


 
9.5.5.1 If the filtration time exceeds 20 minutes, reduce the sample volume to obtain 


between 2.5 to 200 mg of residue.  
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9.5.5.2 If there is no visible residue on the filter disk, increase the sample volume to 
obtain between 2.5 to 200 mg of residue, but do not go above 1 L.  


 
9.5.6 Connect the vacuum pump to a suction flask and connect the suction flask to the 


filtration apparatus.  Verify that the suction flask is not connected to the vacuum pump in 
a manner where the filtrate is drawn into the vacuum pump. 


 
9.5.7 Place the pre-treated glass-fiber filter disk, wrinkled side up, in the filter apparatus. 


 
9.5.8 Apply the vacuum.  
 
9.5.9 Seat the glass-fiber filter disk by wetting it with a little deionized water.  
 
9.5.10 Invert the sample several times to thoroughly mix.  Pour the appropriate sample volume 


into a graduated cylinder. 
 


9.5.11 Filter the sample through the filter disk.  
 
9.5.12 After the sample passes through the filter disk, wash the graduated cylinder, residue, 


and filter disk with three (3) successive 10 mL portions of reagent water.  Allow complete 
drainage between washings.  


 
9.5.13 Continue to apply a vacuum until all visible traces of water have been removed. 
 
9.5.14 Turn off the vacuum.  
 
9.5.15 Remove the top of the funnel, carefully remove the filter disk with tweezers, and place 


the filter disk in its aluminum weighing pan.  
 
9.5.16 Place the aluminum weighing pan with the filter disk in an oven set between 103oC and 


105oC for one (1) hour.   
 
9.5.17 Remove the aluminum weighing pan and filter disk from the oven and place in a 


desiccator.  Allow to cool to room temperature.  
 
9.5.18 Weigh the filter disk and the aluminum weigh pan and record the mass on Attachment B. 
 
9.5.19 Repeat Steps 9.4.14 through 9.4.16 until a constant mass is obtained.  Constant mass is 


achieved when the mass change in successive mass determinations is less than 4% or 
less than 0.5 mg.  


 
9.5.20 Once a constant mass has been achieved, remove the filter disk from the aluminum 


weigh pan and weigh the filter disk with sample residue.  Record the final mass of the 
filter disk with sample residue on Attachment B, Datasheet for Total Suspended Solids 
Analysis. 


 
9.5.21 Verify all sample mass readings are bracketed by the analytical balance verification 


check range.  If any of the sample weight readings fall outside the analytical balance 
verification check range, perform an additional check to bracket the sample weight and 
record the standard weight used on Attachment B, Datasheet for Total Suspended 
Solids Analysis.   
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9.6 Calculations 


9.6.1 TSS, mg/L = 
mLmeSampleVolu


BA
,


1000)( ×−
  


Where: 
 


A = Mass of filter + dried residue, mg. 
B = Mass of filter, mg. 


 
9.6.2 If the results are less than 2, report as “<2 mg/L”.  Report to the nearest whole mg/L. 


Record the results on Attachment B, Datasheet for Total Solids Analysis. 
 
9.6.3 The relative percent difference (RPD) between duplicate sample analyses shall be less 


or equal to 20%.  If not, repeat the analyses.  
 


9.6.4 Draw a single line through any unused sample analysis fields on Attachment B, 
Datasheet for Total Suspended Solids Analysis. 


 
10.0 Data and Records Management 
 


10.1 Attachment A contains a flow chart for TSS analysis. 
 
10.2 All original analytical documentation generated and prepared for the EPA shall be controlled in 


accordance with T&E SOP 101, Central Files. 
 
10.3 All data packages shall be assembled and reviewed per T&E SOP 102, Data Review and 


Verification. 
 
11.0 Quality Control and Quality Assurance 
 


11.1 Analyze one method blank sample per analysis batch.  The method blank is prepared by filtering 
250 mL of reagent water through a pre-treated glass-fiber filter and processing the method blank 
with the samples.  The results for the method blank shall be less than 2 mg/L.  If not, repeat the 
analysis. 


 
11.2 Analyze one check standard per analysis batch.  The check standard is processed as a sample 


and analyzed.  The acceptance criteria for check standard results must be within ±25% of known 
value.  If an invalid check standard result is obtained, investigate causes for invalid results and 
check all calculations.  If possible, repeat analysis for affected samples. 


 
11.3 Analyze one laboratory duplicate sample per analysis batch.  Laboratory duplicates are 


prepared by using equal volumes of sample from the same container and processing/analyzing 
both aliquots as separate samples. The relative percent difference (RPD) between duplicate 
sample analyses shall be less or equal to 20%.  If not, repeat the analysis.  


 
11.4 Record the results of the method blank, check standard and duplicate sample where indicated 


on Attachment B, Datasheet for Total Suspended Solids Analysis.   
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ATTACHMENT A 
TOTAL SUSPENDED SOLIDS ANALYSIS FLOW CHART 


 


 
 


  


Verify balance calibration per 
SOP 508, Mass Determinations 


Using Analytical Balances. 


Determine and record the mass 
of the glass fiber filter disk. 


Use Attachment B, Datasheet for 
TSS Analysis to record 


calibration and analysis data. 


Remove filter disk and residue 
from weigh pan and determine 
and record mass of filter disk 


and residue. 


Place weigh pan and filter disk 
with sample residue in oven for 


1 additional hour. 


Filter sample and collect residue 
on filter disk. 


Place filter disk with residue in 
weigh pan and dry in oven for 1 


hour. 


Determine the mass of weigh 
pan and filter disk with sample 


residue. 


Cool weigh pan and filter disk 
with sample residue in 


desiccator. 
Determine the mass of weigh 


pan and filter disk with sample 
residue. 


Cool weigh pan and filter disk 
with sample residue in 


desiccator. 


Has a constant 
mass been 
obtained? 


Yes 


No 


File completed Attachment B 
with data package in accordance 


with T&E SOP 102, Data 
Review and Verification. 
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ATTACHMENT B 
DATASHEET FOR TOTAL SUSPENDED SOLIDS ANALYSIS 


 
Analysis Date:   Work Assignment No:  


         
Before Analysis - Balance Check: 0.1000g   2.0000g    
After Analysis - Balance Check: 0.1000g   2.0000g    


Additional Checks- Balance Check: g  g    
         


Standard prepared by adding 400mg dried Activated Carbon to 1L volumetric flask and filling to volume with reagent water 


Chemical Distributor Lot # Mass used Conc. (mg/L) 
Activated Carbon         


         


Sample ID Filter 
# 


Sample 
Volume 


(mL) 
Filter 


disk (g) 


Filter disk+residue 
+weighing pan 


Filter disk 
+ residue 


(g) 


TSS 
Result 
(mg/L) 1st (g) 2nd (g) 3rd (g) 


Method Blank 1               
Check Standard 2               
  3               
  4               
  5               
  6               
  7               
  8               
  9               
  10               
  11               
  12               
  13               


 Blank Filter 
Filter # Initial weight (g) Re-weight (g) 


   
 
Do Blank Filter weights (initial and re-weight) agree?  Yes   No 


Is Method Blank Recovery < 2.0mg/L?  Yes   No 


Is Check Standard Recovery within 25% of calculated values?  Yes   No 
Laboratory Duplicate 


Sample ID Sample Result Duplicate Result RPD (%) 
    


 
Is Duplicate RPD < 20%?  Yes   No 


 


Comments:  
 


 
Analyst:   Date:  


Reviewed By:   Date:  
 










Cover Letter

		MEMORANDUM		(LABORATORY DATA REPORT)

		EPA - General Parameters

										In reply refer to:				12-LC98

		To:				Requestor Name				From:				Analyst Name

										Lab:				General Parameters

		Thru:				Boss Name				Date:				11/27/12

						Another Name

		Technical Directive No.:				EPAGP421				Originator:				Requestor Name

		Task No.:				1.2H				Copies:				Another Name

														Another Name

														Another Name

		Project/Sample Site:

		Date Collected:								Sample Set No.:				xxxx, xxxx, xxxx, xxxx

		Date Received:								Sample Matrix:				water

		Date Analyzed:								Analysis Type:				Br, Cl, SO4,  F

		No. Samples Analyzed:								Sample Preparation:				None

		Method(s) Used :				RSKSOP-276, Rev. 4 -  Determination of Major Anions in Aqueous Samples Using

						Capillary Ion Electrophoresis With Indirect UV Detection and Empower 2 Software

		Comments:

		Quality control results met the criteria established in RSKSOP-276, Rev. 4.  The samples were analyzed using the Waters Capillary Ion Analyzer.  MDLs were determined on 9/24/2012. The principal investigator (P.I.) was notified that sample XXXX-1112 had one large fused peak as if it may have been acidified accidentally.  The P.I. advised the analyst to flag the sample as unusable.  A couple of the field blanks had some chloride and the P.I. was notified.





Data

		EPA - General Parameters

		Analytical Results Report

		Laboratory:		General Parameters

		Technical Directive:		XXXX								Sample Data

		Analyst:		Analyst Name						Analytes		Bromide (Br)				Analytes		Chloride (Cl)				Analytes		Sulfate (as SO4)						Analytes		Fluoride (F)

										Codes		7726-95-6-BR				Codes		16887-00-6				Codes		14808-79-8						Codes		7782-41-4

		Report Date:		11/27/12						Methods		RSKSOP-276/4				Methods		RSKSOP-276/4				Methods		RSKSOP-276/4						Methods		RSKSOP-276/4

										Unit		mg/L				Unit		mg/L				Unit		mg/L						Unit		mg/L

										MDL		** 0.167				MDL		** 0.131				MDL		** 0.164						MDL		** 0.047

										QL		** 1.00				QL		** 1.00				QL		** 1.00						QL		** 0.200

		Field Sample ID		Lab Sample ID		Date Collected				Date Analyzed		Data		DF		Date Analyzed		Data		DF		Date Analyzed		Data		DF		DF		Date Analyzed		Data		DF

		(removed)		6764-1		11/5/12				11/13/12		ND		1		11/13/12		ND		1		11/13/12		ND		1				11/13/12		ND		1

				6764-2		11/5/12				11/13/12		ND		1		11/13/12		ND		1		11/13/12		ND		1				11/13/12		ND		1

				6764-3		11/5/12				-		*		-		-		*		-		-		*		-				-		*		-

				6764-4		11/5/12				11/13/12		ND ^		2		11/15/12		122		6		11/13/12		ND		1				11/13/12		4.63		1

				6764-5		11/5/12				11/13/12		ND		1		11/15/12		148		6		11/13/12		BQL (0.754)		1				11/13/12		3.29		1

				6764-6		11/5/12				11/13/12		ND		1		11/13/12		9.37		1		11/15/12		57.7		3				11/13/12		0.456		1

				6764-6 Lab dup		11/5/12				11/13/12		ND (RPD=NA)		1		11/13/12		9.27 (RPD=1.07)		1		11/15/12		57.2 (RPD=0.870)		3				11/13/12		0.432 (RPD=5.41)		1

				6764-7		11/5/12				11/15/12		ND		1		11/15/12		4.36		1		11/15/12		104		6				11/15/12		0.360		1

				6764-8		11/5/12				11/15/12		ND		1		11/15/12		9.57		1		11/15/12		64.3		3				11/15/12		1.03		1

				6764-9		11/5/12				11/13/12		ND		1		11/13/12		7.11		1		11/15/12		67.0		3				11/13/12		BQL (0.166)		1

				6764-10		11/5/12				11/13/12		ND		1		11/13/12		7.18		1		11/15/12		66.7		3				11/13/12		BQL (0.157)		1

				6765-1		11/6/12				11/13/12		ND		1		11/13/12		BQL (0.964)		1		11/13/12		ND		1				11/13/12		ND		1

				6765-2		11/6/12				11/13/12		ND		1		11/13/12		ND		1		11/13/12		ND		1				11/13/12		ND		1

				6765-3		11/6/12				-		*		-		-		*		-		-		*		-				-		*		-

				6765-4		11/6/12				11/13/12		ND		1		11/13/12		9.17		1		11/15/12		61.2		3				11/13/12		2.46		1

				6765-5		11/6/12				11/13/12		ND ^		3		11/15/12		48.0		3		11/13/12		ND		1				11/13/12		3.82		1

				6765-6		11/6/12				11/13/12		ND		1		11/15/12		89.7		3		11/13/12		20.2		1				11/13/12		2.55		1

				6765-6 Lab dup		11/6/12				11/13/12		ND (RPD=NA)		1		11/15/12		89.6 (RPD=0.112)		3		11/13/12		20.2 (RPD=0)		1				11/13/12		2.55 (RPD=0)		1

				6765-7		11/6/12				11/13/12		ND		1		11/13/12		6.51		1		11/13/12		39.4		1				11/13/12		0.587		1

				6765-8		11/6/12				11/13/12		BQL (0.213)		1		11/13/12		1.16		1		11/13/12		22.2		1				11/13/12		BQL (0.152)		1

				6765-9		11/6/12				11/13/12		ND		1		11/13/12		8.73		1		11/15/12		64.4		3				11/13/12		1.53		1

				6769-1		11/7/12				-		##		-		-		##		-		-		##		-				-		##		-

				6769-2		11/7/12				11/13/12		ND		1		11/15/12		51.5		3		11/13/12		2.45		1				11/13/12		3.19		1

				6769-3		11/7/12				11/13/12		ND		1		11/15/12		158		6		11/13/12		BQL (0.313)		1				11/13/12		8.72		1

				6769-4		11/7/12				11/13/12		ND		1		11/13/12		14.5		1		11/13/12		2.41		1				11/13/12		2.04		1

				6769-5		11/7/12				11/13/12		ND		1		11/13/12		ND		1		11/13/12		ND		1				11/13/12		ND		1

				6769-6		11/7/12				11/13/12		ND		1		11/13/12		29.7		1		11/15/12		110		3				11/13/12		4.22		1

				6769-6 Lab dup		11/7/12				11/13/12		ND (RPD=NA)		1		11/13/12		29.3 (RPD=1.36)		1		11/15/12		110 (RPD=0)		3				11/13/12		4.11 (RPD=2.64)		1

				6769-7		11/7/12				-		*		-		-		*		-		-		*		-				-		*		-

				6776-1		11/8/12				11/13/12		ND		1		11/13/12		BQL (0.154)		1		11/13/12		ND		1				11/13/12		ND		1

				6776-2		11/8/12				11/13/12		ND		1		11/13/12		ND		1		11/13/12		ND		1				11/13/12		ND		1

				6776-3		11/8/12				-		*		-		-		*		-		-		*		-				-		*		-

				6776-4		11/8/12				11/13/12		ND ^		2		11/13/12		18.7		1		11/15/12		349		21				11/13/12		2.34		1

				6776-5		11/8/12				11/13/12		ND		1		11/13/12		12.0		1		11/15/12		100		3				11/13/12		6.23		1

				6776-6		11/8/12				11/13/12		ND		1		11/13/12		12.2		1		11/15/12		101		3				11/13/12		6.27		1

				6776-7		11/8/12				11/13/12		ND		1		11/13/12		11.3		1		11/15/12		60.8		3				11/13/12		1.63		1

				6776-8		11/8/12				11/13/12		ND		1		11/13/12		15.2		1		11/15/12		70.1		3				11/13/12		1.44		1

				6776-9		11/8/12				11/13/12		ND		1		11/13/12		25.7		1		11/15/12		151		6				11/13/12		7.28		1

				6776-9 Lab dup		11/8/12				11/13/12		ND (RPD=NA)		1		11/13/12		25.4 (RPD=1.17)		1		11/15/12		151 (RPD=0)		6				11/13/12		7.31 (RPD=0.411)		1

		Comments:

		The measurement quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples within the calibration range.  MDL determinations were made on 9/24/2012.    ** MDL and QL should be multiplied by the same factor as the dilution factor for those samples that were diluted.  * An anion sample was not received.  ## - Unusable sample - the P.I. was notified that sample RBFBlk03-1112 had one large fused peak as if it may have been acidified accidentally.  The P.I. advised the analyst to flag the sample as unusable.  A couple of the field blanks had some chloride present and the P.I. was notified.  ^ - The bromide values for these samples were ND when analyzed without dilution, but the associated matrix spikes were low.  When diluted by 2X or 3X, the matrix spikes gave acceptable recoveries, therefore, those ND values were reported.

		Notes:

		1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable.  All the results are corrected with dilution factors (DF), if applicable.

		2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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QC Data 

		EPA-General Parameters

		Analytical Results Report

		Laboratory:		General Parameters

		Tech. Directive:		EPAGP421												Quality Control Data

		Analyst:		Lynda Callaway				Analytes		Bromide (Br)						Chloride (Cl)						Sulfate (as SO4)						Fluoride (F)

								Codes		7726-95-6-BR						16887-00-6						14808-79-8						7782-41-4

		Report Date:		11/27/12				Methods		RSKSOP-276/4						RSKSOP-276/4						RSKSOP-276/4						RSKSOP-276/4

								Unit		mg/L						mg/L						mg/L						mg/L

								MDL		0.167						0.131						0.164						0.047

								QL		1.00						1.00						1.00						0.200

		QC Sample ID		Additional ID		Date Prepared		Date Analyzed		Data		True Value		% REC.		Data		True Value		% REC.		Data		True Value		% REC.		Data		True Value		% REC.

		MB1		RO Water Blank		11/13/12		11/13/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		MB2		RO Water Blank		11/13/12		11/13/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		MB3		RO Water Blank		11/13/12		11/13/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		MB4		RO Water Blank		11/13/12		11/13/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		MB1		RO Water Blank		11/15/12		11/15/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		MB2		RO Water Blank		11/15/12		11/15/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		SS1		ERA # 54 Minerals		7/2/12		11/13/12		-		-		-		61.2		62.8		97.5		28.2		28.3		99.6		2.04		1.99		103

		SS3		ERA # 54 Minerals		7/2/12		11/13/12		-		-		-		62.1		62.8		98.9		28.1		28.3		99.3		1.96		1.99		98.5

		SS5		ERA # 54 Minerals		7/2/12		11/13/12		-		-		-		62.0		62.8		98.7		28.1		28.3		99.3		1.93		1.99		97.0

		SS1		ERA # 54 Minerals		7/2/12		11/15/12		-		-		-		60.3		62.8		96.0		27.5		28.3		97.2		2.02		1.99		102

		SS3		ERA # 54 Minerals		7/2/12		11/15/12		-		-		-		60.5		62.8		96.3		28.0		28.3		98.9		2.08		1.99		105

		SS4		ERA # 54 Bromide		7/27/12		11/13/12		2.43		2.57		94.6		-		-		-		-		-		-		-		-		-

		SS2		ERA # 54 Bromide		7/27/12		11/13/12		2.50		2.57		97.3		-		-		-		-		-		-		-		-		-

		SS4		ERA # 54 Bromide		7/27/12		11/15/12		2.59		2.57		101		-		-		-		-		-		-		-		-		-

		SS6		ERA # 54 Bromide		7/27/12		11/15/12		2.62		2.57		102		-		-		-		-		-		-		-		-		-

		CCC1		(1 br,cl,so4/ 0.2 f) mg/L		11/7/12		11/13/12		BQL (0.943)		1.00		94.3		1.01		1.00		101		1.05		1.00		105		0.202		0.200		101

		CCC2		(5 br,cl,so4/ 1 f) mg/L		11/7/12		11/13/12		4.90		5.00		98.0		5.08		5.00		102		5.02		5.00		100		0.947		1.00		94.7

		CCC3		(10 br,cl,so4/ 2 f) mg/L		11/7/12		11/13/12		9.86		10.0		98.6		9.93		10.0		99.3		9.88		10.0		98.8		2.05		2.00		103

		CCC4		(25 br,cl,so4/ 5 f) mg/L		11/7/12		11/13/12		25.3		25.0		101		25.2		25.0		101		25.2		25.0		101		5.19		5.00		104

		CCC5		(5 br,cl,so4/ 1 f) mg/L		11/7/12		11/13/12		4.98		5.00		99.6		5.08		5.00		102		5.03		5.00		101		1.08		1.00		108

		CCC6		(25 br,cl,so4/ 5 f) mg/L		11/7/12		11/13/12		25.1		25.0		100		25.0		25.0		100		25.0		25.0		100		5.17		5.00		103

		CCC1		(1 br,cl,so4/ 0.2 f) mg/L		11/7/12		11/15/12		BQL (0.942)		1.00		94.2		1.06		1.00		106		BQL (0.998)		1.00		99.8		BQL (0.196)		0.200		98.0

		CCC2		(5 br,cl,so4/ 1 f) mg/L		11/7/12		11/15/12		5.02		5.00		100		5.05		5.00		101		4.98		5.00		99.6		0.973		1.00		97.3

		CCC3		(10 br,cl,so4/ 2 f) mg/L		11/7/12		11/15/12		10.2		10.0		102		9.92		10.0		99.2		10.0		10.0		100		1.97		2.00		98.5

		CCC4		(25 br,cl,so4/ 5 f) mg/L		11/7/12		11/15/12		25.0		25.0		100		24.4		25.0		97.6		24.6		25.0		98.4		4.98		5.00		99.6

		CCC5		(50 br,cl,so4/ 10 f) mg/L		11/7/12		11/15/12		49.6		50.0		99.2		49.5		50.0		99.0		49.3		50.0		98.6		9.54		10.0		95.4

		MS		(spike IDs removed)		11/15/12		11/15/12		* 16.2		* ND (19.2)		84.4		* 35.8		* 20.3 (16.1)		96.3		-		-		-		-		-		-

		MS				11/13/12		11/13/12		-		-		-		-		-		-		18.2		ND (19.2)		94.8		8.66		4.63 (3.85)		105

		MS				11/15/12		11/15/12		17.8		ND (19.2)		92.7		21.9		4.36 (19.2)		91.4		* 33.0		* 17.3 (16.1)		97.5		4.07		0.360 (3.85)		96.4

		MS				11/15/12		11/15/12		* 17.1		* ND (19.2)		89.1		* 33.7		* 16.0 (19.2)		92.2		-		-		-		-		-		-

		MS				11/13/12		11/13/12		-		-		-		-		-		-		18.3		ND (19.2)		95.3		7.73		3.82 (3.85)		102

		MS				11/13/12		11/13/12		18.7		ND (19.2)		97.4		32.5		14.5 (19.2)		93.8		21.4		2.41 (19.2)		98.9		6.33		2.04 (3.85)		111

		MS				11/15/12		11/15/12		* 15.9		* ND (19.2)		82.8		-		-		-		* 35.1		* 16.6 (19.2)		96.4		-		-		-

		MS				11/13/12		11/13/12		-		-		-		35.8		18.7 (19.2)		89.1		-		-		-		6.50		2.34 (3.85)		108

		MS		Laboratory Control Spike		11/15/12		11/15/12		19.5		ND (19.2)		102		18.9		ND (19.2)		98.4		19.6		ND (19.2)		102		3.79		ND (3.85)		98.4

		Comments:

		The measurement quality objective (MQO) for the accuracy of continuing check standards is 90-110% accuracy.  The MQO for the recovery of matrix spike samples is 80-120% recovery. These objectives were met for the standards and spikes.  The MQO for ERA 54 are recoveries of  85.2 - 115% for Cl,  79.5 - 118% for SO4, 81.4 - 119% for F, and 76.3 - 121% for Br.  The MQOs were met for the ERA samples.  Most of the  matrix spikes were prepared by adding 20 uL of a mixed 500 / 100 mg/L standard into 0.5 mL of sample to yield spike concentrations of 19.2 mg/L for Cl, SO4 and Br and 3.85 mg/L for F.  A few matrix spikes for chloride and sulfate were prepared by adding 20 uL of a 500 mg/L standard into 0.6 mL to yield a spike concentration of 16.1 mg/L. The matrix  spike recovery was calculated according to the equation: %Recovery = 100* (Spiked sample concentration(Data) - Native Sample Concentration) / Spike Concentration.  * Matrix spike values are calculated and reported without the dilution factor applied.

		Notes:

		1. MB - Method Blank. CCC - Continuing Calibration Check.  A calibration standard analyzed within the batch of samples. LCS   - Laboratory Control Spike.  A laboratory blank spiked with analytes at known concentrations. MS - Matrix Spike. A field sample spiked with known concentrations of analytes. The field sample id is identified. SS    -  Samples obtained from the second sources are identified by their designated names. DUP - Field sample duplicate analysis.  A sample selected by the lab analyst to analyze as a duplicate. It is reported in the sample result section. % REC   - Percent Recovery. Calculated as the percentage of the results to the true values.  It equals to % accuracy for CCC.





























Standard Methods for the Examination of Water and Wastewater


© Copyright 1999 by American Public Health Association, American Water Works Association, Water Environment Federation


2540        SOLIDS#(1)*


2540  A.        Introduction


 Solids refer to matter suspended or dissolved in water or wastewater. Solids may affect water or
effluent quality adversely in a number of ways. Waters with high dissolved solids generally are of
inferior palatability and may induce an unfavorable physiological reaction in the transient
consumer. For these reasons, a limit of 500 mg dissolved solids/L is desirable for drinking
waters. Highly mineralized waters also are unsuitable for many industrial applications. Waters
high in suspended solids may be esthetically unsatisfactory for such purposes as bathing. Solids
analyses are important in the control of biological and physical wastewater treatment processes
and for assessing compliance with regulatory agency wastewater effluent limitations.


1.  Definitions
 ‘‘Total solids’’ is the term applied to the material residue left in the vessel after evaporation


of a sample and its subsequent drying in an oven at a defined temperature. Total solids includes
‘‘total suspended solids,’’ the portion of total solids retained by a filter, and ‘‘total dissolved
solids,’’ the portion that passes through the filter. 


The type of filter holder, the pore size, porosity, area, and thickness of the filter and the
physical nature, particle size, and amount of material deposited on the filter are the principal
factors affecting separation of suspended from dissolved solids. ‘‘Dissolved solids’’ is the
portion of solids that passes through a filter of 2.0 µm (or smaller) nominal pore size under
specified conditions. ‘‘Suspended solids’’ is the portion retained on the filter. 


‘‘Fixed solids’’ is the term applied to the residue of total, suspended, or dissolved solids after
heating to dryness for a specified time at a specified temperature. The weight loss on ignition is
called ‘‘volatile solids.’’ Determinations of fixed and volatile solids do not distinguish precisely
between inorganic and organic matter because the loss on ignition is not confined to organic
matter. It includes losses due to decomposition or volatilization of some mineral salts. Better
characterization of organic matter can be made by such tests as total organic carbon (Section
5310), BOD (Section 5210), and COD (Section 5220). 


‘‘Settleable solids’’ is the term applied to the material settling out of suspension within a
defined period. It may include floating material, depending on the technique (Section 2540F.3b). 


2.  Sources of Error and Variability
 Sampling, subsampling, and pipeting two-phase or three-phase samples may introduce


serious errors. Make and keep such samples homogeneous during transfer. Use special handling
to insure sample integrity when subsampling. Mix small samples with a magnetic stirrer. If
suspended solids are present, pipet with wide-bore pipets. If part of a sample adheres to the
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sample container, consider this in evaluating and reporting results. Some samples dry with the
formation of a crust that prevents water evaporation;  special handling is required to deal with
this. Avoid using a magnetic stirrer with samples containing magnetic particles. 


The temperature at which the residue is dried has an important bearing on results, because
weight losses due to volatilization of organic matter, mechanically occluded water, water of
crystallization, and gases from heat-induced chemical decomposition, as well as weight gains due
to oxidation, depend on temperature and time of heating. Each sample requires close attention to
desiccation after drying. Minimize opening desiccator because moist air enters. Some samples
may be stronger desiccants than those used in the desiccator and may take on water. 


Residues dried at 103 to 105°C may retain not only water of crystallization but also some
mechanically occluded water. Loss of CO2 will result in conversion of bicarbonate to carbonate.


Loss of organic matter by volatilization usually will be very slight. Because removal of occluded
water is marginal at this temperature, attainment of constant weight may be very slow. 


Residues dried at 180 ± 2°C will lose almost all mechanically occluded water. Some water of
crystallization may remain, especially if sulfates are present. Organic matter may be lost by
volatilization, but not completely destroyed. Loss of CO2 results from conversion of bicarbonates


to carbonates and carbonates may be decomposed partially to oxides or basic salts. Some
chloride and nitrate salts may be lost. In general, evaporating and drying water samples at 180°C
yields values for dissolved solids closer to those obtained through summation of individually
determined mineral species than the dissolved solids values secured through drying at the lower
temperature. 


To rinse filters and filtered solids and to clean labware use Type III water. Special samples
may require a higher quality water; see Section 1080. 


Results for residues high in oil or grease may be questionable because of the difficulty of
drying to constant weight in a reasonable time. 


To aid in quality assurance, analyze samples in duplicate. Dry samples to constant weight if
possible. This entails multiple drying-cooling-weighing cycles for each determination. 


Analyses performed for some special purposes may demand deviation from the stated
procedures to include an unusual constituent with the measured solids. Whenever such variations
of technique are introduced, record and present them with the results. 


3.  Sample Handling and Preservation 
Use resistant-glass or plastic bottles, provided that the material in suspension does not adhere


to container walls. Begin analysis as soon as possible because of the impracticality of preserving
the sample. Refrigerate sample at 4°C up to the time of analysis to minimize microbiological
decomposition of solids. Preferably do not hold samples more than 24 h. In no case hold sample
more than 7 d. Bring samples to room temperature before analysis. 


4.  Selection of Method
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 Methods B through F are suitable for the determination of solids in potable, surface, and
saline waters, as well as domestic and industrial wastewaters in the range up to 20 000 mg/L. 


Method G is suitable for the determination of solids in sediments, as well as solid and
semisolid materials produced during water and wastewater treatment. 


5.  Bibliography
 THERIAULT, E.J. & H.H. WAGENHALS. 1923. Studies of representative sewage plants. Pub. Health


Bull. No. 132.
 U.S. ENVIRONMENTAL PROTECTION AGENCY. 1979. Methods for Chemical Analysis of Water


and Wastes. Publ. 600/4-79-020, rev. Mar. 1983. Environmental Monitoring and Support
Lab., U.S. Environmental Protection Agency, Cincinnati, Ohio.


2540  D.        Total Suspended Solids Dried at 103–105°C


1.  General Discussion
a.  Principle: A well-mixed sample is filtered through a weighed standard glass-fiber filter


and the residue retained on the filter is dried to a constant weight at 103 to 105°C. The increase
in weight of the filter represents the total suspended solids. If the suspended material clogs the
filter and prolongs filtration, it may be necessary to increase the diameter of the filter or decrease
the sample volume. To obtain an estimate of total suspended solids, calculate the difference
between total dissolved solids and total solids.


b.  Interferences: See Section 2540A.2 and  Section 2540B.1. Exclude large floating particles
or submerged agglomerates of nonhomogeneous materials from the sample if it is determined
that their inclusion is not representative. Because excessive residue on the filter may form a
water-entrapping crust, limit the sample size to that yielding no more than 200 mg residue. For
samples high in dissolved solids thoroughly wash the filter to ensure removal of dissolved
material. Prolonged filtration times resulting from filter clogging may produce high results owing
to increased colloidal materials captured on the clogged filter.


2.  Apparatus
 Apparatus listed in Section 2540B.2 and Section 2540C.2 is required, except for evaporating


dishes, steam bath, and 180°C drying oven. In addition: 
Aluminum weighing dishes. 


3.  Procedure
a.  Preparation of glass-fiber filter disk: If pre-prepared glass fiber filter disks are used,


eliminate this step. Insert disk with wrinkled side up in filtration apparatus. Apply vacuum and
wash disk with three successive 20-mL portions of reagent-grade water. Continue suction to
remove all traces of water, turn vacuum off, and discard washings. Remove filter from filtration
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apparatus and transfer to an inert aluminum weighing dish. If a Gooch crucible is used, remove
crucible and filter combination. Dry in an oven at 103 to 105°C for 1 h. If volatile solids are to be
measured, ignite at 550°C for 15 min in a muffle furnace. Cool in desiccator to balance
temperature and weigh. Repeat cycle of drying or igniting, cooling, desiccating, and weighing
until a constant weight is obtained or until weight change is less than 4% of the previous
weighing or 0.5 mg, whichever is less. Store in desiccator until needed.


b.  Selection of filter and sample sizes: Choose sample volume to yield between 2.5 and 200
mg dried residue. If volume filtered fails to meet minimum yield, increase sample volume up to 1
L. If complete filtration takes more than 10 min, increase filter diameter or decrease sample
volume.


c.  Sample analysis: Assemble filtering apparatus and filter and begin suction. Wet filter with
a small volume of reagent-grade water to seat it. Stir sample with a magnetic stirrer at a speed to
shear larger particles, if practical, to obtain a more uniform (preferably homogeneous) particle
size. Centrifugal force may separate particles by size and density, resulting in poor precision
when point of sample withdrawal is varied. While stirring, pipet a measured volume onto the
seated glass-fiber filter. For homogeneous samples, pipet from the approximate midpoint of
container but not in vortex. Choose a point both middepth and midway between wall and vortex.
Wash filter with three successive 10-mL volumes of reagent-grade water, allowing complete
drainage between washings, and continue suction for about 3 min after filtration is complete.
Samples with high dissolved solids may require additional washings. Carefully remove filter
from filtration apparatus and transfer to an aluminum weighing dish as a support. Alternatively,
remove the crucible and filter combination from the crucible adapter if a Gooch crucible is used.
Dry for at least 1 h at 103 to 105°C in an oven, cool in a desiccator to balance temperature, and
weigh. Repeat the cycle of drying, cooling, desiccating, and weighing until a constant weight is
obtained or until the weight change is less than 4% of the previous weight or 0.5 mg, whichever
is less. Analyze at least 10% of all samples in duplicate. Duplicate determinations should agree
within 5% of their average weight. If volatile solids are to be determined, treat the residue
according to 2540E.


4.  Calculation


 


where: 
                  A =   weight of filter + dried residue, mg, and 
                  B =   weight of filter, mg. 


5.  Precision
 The standard deviation was 5.2 mg/L (coefficient of variation 33%) at 15 mg/L, 24 mg/L
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(10%) at 242 mg/L, and 13 mg/L (0.76%) at 1707 mg/L in studies by two analysts of four sets of
10 determinations each. 


Single-laboratory duplicate analyses of 50 samples of water and wastewater were made with
a standard deviation of differences of 2.8 mg/L. 
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30:1066.
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111:277.
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Endnotes
1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1997.
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SOP for Chlorination of Samples 
 


I. Scope and Application 
 


This standard operating procedure (SOP) describes the steps for simulation of chlorination 


disinfection conditions on the bench-top scale. Applications of this SOP aim to minimize 


artifacts and ensure reproducibility in method. 
 


 


II. Method Summary 
 


Chlorination reactions are performed under conditions where background chlorine demand 


is minimized and other interferences are removed. 
 


 


III. Interferences and Potential Problems 
 


Exposure to light could result in photochemical reactions. This is minimized by performing 


the reactions in amber glass or covered vials. 
 


Chlorine can be consumed by non-pre-treated glass or other material present in the vials. 


Pre-treatment of the reaction vessels with 10 mg/L free chlorine can quench residual 


chlorine demand, and thorough cleaning prior to this will remove other contaminants. 
 


 


IV. Health, Safety, and Environmental Compliance 
 


Appropriate PPE will be employed to minimize contact with potentially harmful chemicals 


and disinfection by-products. 
 


 


V. Sample Preservation, Containers, Handling, and Storage 
 


Samples  will  be  quenched  using  sodium  thiosulfite  (0.01%  w/v)  to  remove  residual 


chlorine at indicated times. Samples intended for use in Trihalomethanes (THM) assays 


will be stored in headspace-free containers to minimize loss of analytes to volatilization 


prior to analysis. 
 


 


VI. Equipment 
 


Sterile glass pipettes 


Sample bottles 


Laboratory timers 
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VII.  Reagent Preparation 
 
 


Chlorine demand-free 0.05 M phosphate buffer – prepares 5L 
 


Potassium phosphate monobasic (KH2PO4): 34 g, 136.09 g/mol, 0.25 mol 


Sodium hypochlorite solution (1:20 dilution): 7 mL 


10N NaOH, HNO3 – used to adjust pH to 7.5 


Deionized Water – 5 L 
 


 


1.   Combine 2 L of deionized water and 34 g of KH2PO4 in a 6L container with a 


magnetic stir bar, and mix. 
 


2.   Add 7 mL of dilute hypochlorite solution, which at the final concentration will 


provide ~3.5 mg/L Cl2. 
 


3.   Add deionized water to 5L. 
 


4.   Adjust pH to 7.5 by addition of NaOH or HNO3  dropwise, allowing for 


mixing between additions. 
 


5.   Heat solution to boil, or as near to boil as possible for 5 minutes. After 


heating, allow to cool to room temperature. 
 


6.   Transfer the buffer solution to 4L beakers, and expose to UV light for 2 days 


to quench residual chlorine. 


7.   Transfer the buffer to 2 L beakers and autoclave for 30 minutes at 120
o  


C, 


label. Remove from heat, label as necessary, along with the pH and date. 
 


8.   Prior to use, assess free chlorine levels in the buffer. 
 


9.   Label the beakers with the pH, preparation date, and expiration date (three 


months from preparation date. 
 


 


Chlorine solutions - 10 mg/L, prepares 5 L 
 


Chlorine oxidant stock mixtures will be prepared from stock solutions provided by 


outside vendors. These usually are between 5-6% NaOCl. If using Cl2, the 


concentration is typically 1 g/L. Due to instability of the reagent, the concentration 


should be assessed more exactly through titration, via the following protocol, which is 


to be performed in a chemical fume hood. 
 


1.   Using a 1 mL pipette, add either 0.1-0.5 mL of NaOCl (bleach) solution, or 1- 


3 mL of Cl2 solution to a 150 mL beaker. 
 


2.   Add 20 mL of distilled water to the beaker, and stir with a magnetic stir bar. 
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3.   Add 1-2 mL of glacial acetic acid, followed by ~1 g KI. The solution will turn 


to a dark yellow. 
 


4.   Using 0.100N thiosulfate solution, titrate the sample to a pale yellow color. 
 


5.   Add a squirt of 1% aq. starch indicator solution (e.g. Aldrich 319554). The 


solution will turn to a shade of blue. 
 


6.   Titrate to the colorless endpoint, again using the 0.100N thiosulfate solution. 
 


7.   Calculate the concentration of Cl using the equation: 
 
 


 
VIII. Procedure for Chlorination Disinfection of Samples 


 


 


1. Chlorination studies will be performed in chlorine-demand free, 300 mL bottles. Prior 


to reaction, the vials will be rinsed with 10 mg/L chlorine solutions (from NaOCl) to 


remove any residual chlorine demand. 


2. Model water will be buffered using phosphate buffer, adjusted to the desired pH using 


either HNO3 or NaOH. Halides will be added as NaCl or NaBr to obtain desired 


concentrations of Cl
- 
or Br


- 
ions. 


3. Chlorine  will  be  added  from  the  HOCl  stock  solution  to  obtain  the  desired 


concentration of Cl2 in mg/L. 


4. Following addition of all reagents, sample vials will be capped tightly, vigorously 


shaken, and stored headspace-free for the desired reaction time. 


5. Aliquots will be removed by pipette for analysis as needed. 


IX. Procedure for Quenching Reactions 


1. An equimolar amount of sodium thiosulfite that is equal to 1000x the concentration of 


free chlorine added at the start of the reaction will be added to the reaction mixture to 


quench the free chlorine. 
 


2. Following  reaction  quenching,  withdraw  aliquots  of  the  reaction  mixture  for  all 


desired analytical methods, accounting for necessary redundancies and controls. 
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METHOD 551.1


DETERMINATION OF CHLORINATION DISINFECTION BYPRODUCTS,
CHLORINATED SOLVENTS, AND HALOGENATED PESTICIDES/HERBICIDES IN


DRINKING WATER BY LIQUID-LIQUID EXTRACTION AND GAS
CHROMATOGRAPHY WITH ELECTRON-CAPTURE DETECTION


1.0 SCOPE AND APPLICATION


1.1 This method  is applicable to the determination of the following analytes in1-9


finished drinking water, drinking water during intermediate stages of
treatment, and raw source water.  The particular choice of analytes from this
list should be a function of the specific project requirements.


Analyte CAS No.


Disinfection Byproducts (DBPs):


Trihalomethanes Chloroform 67-66-3
Bromodichloromethane 75-27-4
Bromoform 75-25-2
Dibromochloromethane 124-48-1


Haloacetonitriles Bromochloroacetonitrile 83463-62-1
Dibromoacetonitrile 3252-43-5
Dichloroacetonitrile 3018-12-0
Trichloroacetonitrile 545-06-2


Other DBPs Chloral Hydrate 75-87-6
Chloropicrin 76-06-2
1,1-Dichloro-2-propanone 513-88-2
1,1,1-Trichloro-2-propanone 918-00-3


Chlorinated Solvents:
Carbon Tetrachloride 56-23-5
1,2-Dibromo-3-chloropropane [DBCP] 96-12-8
1,2-Dibromoethane [EDB] 106-93-4
Tetrachloroethylene 127-18-4
1,1,1-Trichloroethane 71-55-6
1,1,2-Trichloroethane 79-00-5
Trichloroethylene 79-01-6
1,2,3-Trichloropropane 96-18-4


Pesticides/Herbicides:
Alachlor 15972-60-8
Atrazine 1912-24-9
Bromacil 314-40-9
Cyanazine 21725-46-2


Endrin 72-20-8







Analyte CAS No.
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Endrin Aldehyde 7421-93-4
Endrin Ketone 53494-70-5
Heptachlor 76-44-8
Heptachlor Epoxide 1024-57-3
Hexachlorobenzene 118-74-1
Hexachlorocyclopentadiene 77-47-4
Lindane (gamma-BHC) 58-89-9
Metolachlor 51218-45-2
Metribuzin 21087-64-9
Methoxychlor 72-43-5
Simazine 122-34-9
Trifluralin 1582-09-8


1.2 This analyte list includes 12 commonly observed chlorination disinfection
byproducts,  eight commonly used chlorinated organic solvents and3,4


16 halogenated pesticides and herbicides.


1.3 This method is intended as a stand-alone procedure for either the analysis of
only the trihalomethanes (THMs) or for all the chlorination disinfection by-
products (DBPs) with the chlorinated organic solvents or as a procedure for
the total analyte list.  The dechlorination/preservation technique presented in
Section 8.0 details two different dechlorinating agents.  Results for the THMs
and the eight solvents may be obtained from the analysis of samples
employing either dechlorinating agent. (Section 8.1.2) 


1.4 After an analyte has been identified and quantitated in an unknown sample
with the primary GC column (Section 6.9.2.1) qualitative confirmation of
results is strongly recommended by gas chromatography/mass spectrometry
(GC/MS),  or by GC analysis using a dissimilar column (Section 6.9.2.2). 10,11


1.5 The experimentally determined method detection limits (MDLs)  for the above12


listed analytes are provided in Tables 2 and 8.  Actual MDL values will vary
according to the particular matrix analyzed and the specific instrumentation
employed.


1.6 This method is restricted to use by or under the supervision of analysts
experienced in the use of GC and in the interpretation of gas chromatograms. 
Each analyst must demonstrate the ability to generate acceptable results with
this method using the procedure described in Section 9.4.


1.7 Methyl-t-butyl ether (MTBE) is recommended as the primary extraction solvent
in this method since it effectively extracts all of the target analytes listed in
Section 1.1.  However, due to safety concerns associated with MTBE and the
current use of pentane by some laboratories for certain method analytes,
pentane is offered as an optional extraction solvent for all analytes except
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chloral hydrate.  If project requirements specify the analysis of chloral hydrate,
MTBE must be used as the extracting solvent.  This method includes sections
specific for pentane as an optional solvent.


2.0 SUMMARY OF METHOD


2.1 A 50 mL sample aliquot is extracted with 3 mL of MTBE or 5 mL of pentane. 
Two µL of the extract is then injected into a GC equipped with a fused silica
capillary column and linearized electron capture detector for separation and
analysis.  Procedural standard calibration is used to quantitate method
analytes.


2.2 A typical sample can be extracted and analyzed by this method in 50 minutes
for the chlorination by-products/chlorinated solvents and two hours for the
total analyte list.  Confirmation of the eluted compounds may be obtained
using a dissimilar column (Section 6.9.2.2) or by the use of GC-MS. 
Simultaneous confirmation can be performed using dual primary/confirmation
columns installed in a single injection port (Section 6.9.3) or a separate
confirmation analysis.


3.0 DEFINITIONS


3.1 Internal Standard (IS) -- A pure analyte(s) added to a sample, extract, or
standard solution in known amount(s) and used to measure the relative
responses of other method analytes and surrogates that are components of the
same sample or solution.  The internal standard must be an analyte that is not
a sample component.


3.2 Surrogate Analyte (SA) -- A pure analyte(s), which is extremely unlikely to be
found in any sample, and which is added directly to a sample aliquot in
known amount(s) before extraction or other processing and is measured with
the same procedures used to measure other sample components.  The purpose
of a surrogate analyte is to monitor method performance with each sample.


3.3 Laboratory Duplicates (LD1 and LD2) -- Two sample aliquots, taken in the
laboratory from a single sample bottle, and analyzed separately with identical
procedures.  Analyses of LD1 and LD2 indicate precision associated with
laboratory procedures, but not with sample collection, preservation, or storage
procedures.  This method cannot utilize laboratory duplicates since sample
extraction must occur in the sample vial and sample transfer is not possible
due to analyte volatility.


3.4 Field Duplicates (FD1 and FD2) -- Two separate samples collected at the same
time and place under identical circumstances and treated exactly the same
throughout field and laboratory procedures.  Analyses of FD1 and FD2 give a
measure of the precision associated with sample collection, preservation and
storage, as well as with laboratory procedures.  Since laboratory duplicates
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cannot be analyzed, the collection and analysis of field duplicates for this
method is critical. 


3.5 Laboratory Reagent Blank (LRB) -- An aliquot of reagent water, or other blank
matrix, that is treated exactly as a sample including exposure to all glassware,
equipment, solvents, reagents, internal standards, and surrogates that are used
with other samples.  The LRB is used to determine if method analytes or other
interferences are present in the laboratory environment, the reagents, or the
apparatus.


3.6 Field Reagent Blank (FRB) -- Reagent water, or other blank matrix, that is
placed in a sample container in the laboratory and treated as a sample in all
respects, including shipment to sampling site, exposure to sampling site
conditions, storage, preservation and all analytical procedures.  The purpose of
the FRB is to determine if method analytes or other interferences are present in
the field environment.


3.7 Laboratory Fortified Blank (LFB) -- An aliquot of reagent water, or other blank
matrix, to which known quantities of the method analytes are added in the
laboratory.  The LFB is analyzed exactly like a sample, and its purpose is to
determine whether the methodology is in control, and whether the laboratory
is capable of making accurate and precise analyte quantitation at various
concentrations including the required method detection limit.


3.8 Laboratory Fortified Sample Matrix (LFM) -- An aliquot of an environmental
sample to which known quantities of the method analytes are added in the
laboratory.  The LFM is analyzed exactly like a sample, and its purpose is to
determine whether the sample matrix contributes bias to the analytical results.
The background concentrations of the analytes in the sample matrix must be
determined in a separate aliquot and the measured values in the LFM
corrected for background concentrations.


3.9 Stock Standard Solution (SSS) -- A concentrated solution containing one or
more method analytes which is prepared in the laboratory using assayed
reference materials or purchased as certified from a reputable commercial
source. 


3.10 Primary Dilution Standard Solution (PDS) -- A solution of several analytes
prepared in the laboratory from stock standard solutions and diluted as
needed to prepare calibration solutions and other needed analyte solutions.


3.11 Calibration Standard (CAL) -- A solution prepared from the primary dilution
standard solution or stock standard solutions and the internal standard(s) and
surrogate analyte(s).  The CAL solutions are used to calibrate the instrument
response with respect to analyte concentration.


3.12 Quality Control Sample (QCS) -- A solution of method analytes which is used
to fortify an aliquot of LRB or sample matrix.  The QCS is obtained from a
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source external to the laboratory and different from the source of calibration
standards.  It is used to check laboratory performance with externally prepared
test materials.


3.13 Laboratory Performance Check Solution (LPC) -- A solution of selected method
analytes, surrogate(s), internal standard(s), or other test substances used to
evaluate the performance of the instrument system with respect to a defined
set of method criteria.


3.14 Method Detection Limit (MDL) -- The minimum concentration of an analyte
that can be identified, measured and reported with 99% confidence that the
analyte concentration is greater than zero.  (Appendix B to 40 CFR Part 136) 


3.15 Estimated Detection Limit (EDL) -- Defined as either the MDL or a level of
compound in a sample yielding a peak in the final extract with a signal to
noise (S/N) ratio of approximately five, whichever is greater.


  
3.16 Procedural Standard Calibration -- A calibration method where aqueous


calibration standards are prepared and processed (e.g., purged,extracted,
and/or derivatized) in exactly the same manner as a sample.  All steps in the
process from addition of sampling preservatives through instrumental analyses
are included in the calibration.  Using procedural standard calibration
compensates for any inefficiencies in the processing procedure.


4.0 INTERFERENCES


4.1 Impurities contained in the extracting solvent usually account for the majority
of the analytical problems.  Each new bottle of solvent should be analyzed for
interferences before use.  An interference free solvent is a solvent containing
no peaks yielding data at ≥MDL (Tables 2 and 8) at the retention times of the
analytes of interest.  Indirect daily checks on the extracting solvent are
obtained by monitoring the laboratory reagent blanks (Section 9.3).  Whenever
an interference is noted in the reagent blank, the analyst should analyze the
solvent separately to determine if the source of the problem is the solvent or
another reagent.


4.2 Glassware must be scrupulously cleaned .  Clean all glassware as soon as13


possible after use by thoroughly rinsing with the last solvent used in it. 
Follow by washing with hot water and detergent and thoroughly rinsing with
tap and reagent water.  Drain dry, and heat in an oven or muffle furnace at
400°C for one hour.  Do not muffle volumetric ware but instead rinse three
times with HPLC grade or better acetone.  Thoroughly rinsing all glassware
with HPLC grade or better acetone may be substituted for heating provided
method blank analysis confirms no background interferant contamination is
present.  After drying and cooling, seal and store all glassware in a clean
environment free of all potential contamination.  To prevent any accumulation
of dust or other contaminants, store glassware inverted on clean aluminum foil
or capped with aluminum foil.
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4.3 Commercial lots of the extraction solvents (both MTBE and pentane) often
contain observable amounts of chlorinated solvent impurities, e.g., chloroform,
trichloroethylene, carbon tetrachloride.  When present, these impurities can
normally be removed by double distillation.


4.4 This liquid/liquid extraction technique efficiently extracts a wide boiling range
of non-polar and polar organic components of the sample.  Thus, confirmation
is quite important, particularly at lower analyte concentrations.  A
confirmatory column (Section 6.9.2.2) is suggested for this purpose. 
Alternatively, GC/MS may also be used for confirmation if sufficient
concentration of analyte is present. 


4.5 Special care must be taken in the determination of endrin since it has been
reported to breakdown to aldo and keto derivatives upon reaction with active
sites in the injection port sleeve .  The active sites are usually the result of14


micro fragments of the injector port septa and high boiling sample residual
deposited in the injection port sleeve or on the inner wall at the front of the
capillary column.  The degradation of endrin is monitored using the
Laboratory Performance Check Standard (Section 9.2).


4.6 Interfering and erratic peaks have been observed in method blanks within the
retention windows of metribuzin, alachlor, cyanazine and heptachlor.  These
are believed to be due to phthalate contamination.  This contamination can be
reduced by paying special attention to reagent preparation (See solvent rinsing
the dry buffer and the dechlorination/ preservative salts, Section 7.1.7.5) and
elimination of all forms of plastic from the procedure (i.e., HDPE bottles,
plastic weighing boats, etc.).  After NaCl or Na SO  is muffled or phosphate2 4


buffer and dechlorination/preservative salts are solvent rinsed, they should be
stored in sealed glass containers.  NaCl, Na SO , phosphate buffer, and2 4


dechlorination/preservative salts should be weighed using glass beakers, never
plastic weighing boats.


5.0 SAFETY


5.1 The toxicity and carcinogenicity of chemicals used in this method have not
been precisely defined; each chemical should be treated as a potential health
hazard, and exposure to these chemicals should be minimized.  Each
laboratory is responsible for maintaining awareness of OSHA regulations
regarding safe handling of chemicals used in this method.   Additional
references to laboratory safety are available  for the information of the15-17


analyst.


5.2 The following have been tentatively classified as known or suspected human
or mammalian carcinogens:


Chloroform, 1,2-Dibromo-3-Chloropropane, 1,2-Dibromoethane, Heptachlor,
and Hexachlorobenzene.
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5.3 The toxicity of the extraction solvent, MTBE, has not been well defined. 
Susceptible individuals may experience adverse affects upon skin contact or
inhalation of vapors.  Therefore, protective clothing and gloves should be used
and MTBE should be used only in a chemical fume hood or glove box.  The
same precaution applies to pure standard materials.


6.0 EQUIPMENT AND SUPPLIES (All specifications in Sections 6.0 and 7.0 are
suggested.  Catalog numbers are included for illustration only.)


6.1 Sample Containers -- 60 mL screw cap glass vials (Kimble #60958A-16, Fisher
#03-339-5E or equivalent) each equipped with size 24-400 cap and PTFE-faced
septa (Kimble #73802-24400, Fisher #03-340-14A or equivalent).  Prior to use or
following each use, wash vials and septa with detergent and tap water then
rinse thoroughly with distilled water.  Allow the vials and septa to dry at
room temperature, place only the vials in an oven and heat to 400°C for
30 minutes.  After removal from the oven allow the vials to cool in an area
known to be free of organics.  After rinsing caps with distilled water, rinse in a
beaker with HPLC grade or better acetone and place in a drying oven at 80°C
for one hour.


6.2 Vials -- Autosampler, 2.0 mL vial with screw or crimp cap and a Teflon-faced
septa.


6.3 Micro Syringes -- 10 µL, 25 µL, 50 µL, 100 µL, 250 µL, and 1000 µL.


6.4 Pipettes -- 3.0 mL or 5.0 mL, Type A, TD, glass.


6.5 Volumetric Flask -- 10 mL, 100 mL, 250 mL, and 500 mL glass stoppered.


6.6 Disposable Pasteur Pipets, 9 inch -- Used for extract transfer.


6.7 Standard Solution Storage (SSS) Containers -- 30 mL Boston round, amber
glass bottles with TFE-lined caps or equivalent.


6.8 Balance -- Analytical, capable of accurately weighing to the nearest 0.0001 g.


6.9 Gas Chromatography System


6.9.1 The GC must be capable of temperature programming and should be
equipped with a linearized electron capture detector (ECD), fused silica
capillary column, and on-column or splitless injector (splitless mode,
30 second delay).  If simultaneous confirmation is employed the GC
must have a second ECD.  An auto-sampler/injector is desirable. 


6.9.1.1 Special Precaution:  During method development, a problem
was encountered with the syringe on the autosampler.  The
syringe plunger, after repeated sample extract injections,
developed resistance when withdrawn or inserted into the
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syringe barrel.  This resistance was due to salt deposits in the
syringe barrel which were left behind following the evaporation
of hydrated MTBE. To minimize this problem, a unique syringe
wash procedure was employed.  After sample injection, the
syringe was first rinsed three times with reagent water then
three times with MTBE.  This effectively removed all the
residual salt after each injection from the syringe and
surmounted the problem.  Some autosampler designs may not
encounter this problem but this precaution has been mentioned
to alert the analyst.  When pentane was used as the extraction
solvent, this was not a problem. 


6.9.2 Two GC columns are recommended.  Column A is recommended as
the primary analytical column unless routinely occurring analytes are
not adequately resolved.  Column B is recommended for use as a
confirmatory column when GC/MS confirmation is not sensitive
enough or unavailable.  Other GC columns or conditions may be
employed provided adequate analyte resolution is attained and all the
quality assurance criteria established in Section 9.0 are met.


6.9.2.1 Column A - 0.25 mm ID x 30 m fused silica capillary with
chemically bonded methyl polysiloxane phase (J&W, DB-1, 1.0 m
film thickness or equivalent).  As a result of the different boiling
points of MTBE (b.p. 55°C) and pentane (b.p. 35°C), two
different GC oven temperature programs are specified in Table 1
for MTBE and Table 12 for pentane.  Retention times for target
analytes were slightly different using the pentane oven
temperature program but elution order, analyte resolution, and
total analysis time were not effected.  Injector temperature: 
200°C equipped with 4 mm ID deactivated sleeve with wool
plug (Restek #20781 for HP GC's or equivalent).  This sleeve
design was found to give better analyte response than the
standard 2 mm sleeve.  Detector temperature:  290°C.


6.9.2.2 Column B - 0.25 mm ID x 30 m with chemically bonded 6%
cyanopropylphenyl/94% dimethyl polysiloxane phase (Restek,
Rtx-1301, 1.0 µm film thickness or equivalent).  The column
oven was temperature programmed exactly as indicated for
column A (Tables 1 and 12).  Injector and detector temperatures
at 200°C and 290°C, respectively.  The same temperature
program was utilized to allow for simultaneous confirmation
analysis. 


6.9.3 To perform simultaneous confirmation from a single injection onto both
the primary and confirmation columns, two injector setups can be
employed.  







551.1-10


6.9.3.1 Using a two hole graphite ferrule (Restek #20235, or equivalent)
both columns can be inserted into one injection port.  To ensure
the column ends are centered in the injection port sleeve and not
angled to the side, an inlet adaptor fitting is installed at the base
of the injection port (Restek #20633, or equivalent).  Use caution
when installing columns in this manner to ensure the column
does not break at the base of the injector due to the two
columns twisting as the ferrule nut is tightened.  To minimize
this hazard, the ferrule nut can be reverse twisted four to five
times once the ferrule has been seated.  


6.9.3.2 An alternate procedure involves installing a 1 mr portion of
0.25 mm deactivated, uncoated fused silica capillary tubing
(Restek #10043, or equivalent) into the injector as a normal
single column is installed.  Then using a Y-press tight union
(Restek #20403 or equivalent) join the 1 m uncoated column to
the primary and secondary columns.  Using this procedure will
reduce detection limits when compared to the procedure outline
in Section 6.9.3.1 since only one column is positioned in the
injection port to receive the injected sample extract.


6.9.4 The analyst is permitted to modify GC columns, GC conditions, internal
standard or surrogate compounds.  Each time such method
modifications are made, the analyst must repeat the procedures in
Section 9.4.


7.0 REAGENTS AND STANDARDS


7.1 Reagents


7.1.1 MTBE -- High purity grade. It may be necessary to double distill the
solvent if impurities are observed which coelute with some of the more
volatile compounds.


7.1.2 Pentane (Optional Extraction Solvent), High Purity Grade -- It may be
necessary to double distill the solvent if impurities are observed which
coelute with some of the more volatile compounds.


7.1.3 Acetone, High Purity -- Demonstrated to be free of analytes.


7.1.4 Methanol, High Purity -- Demonstrated to be free of analytes.


7.1.5 Sodium Chloride, NaCl, ACS Reagent Grade -- Before using a batch of
NaCl, place in muffle furnace, increase temperature to 400°C and hold
for 30 minutes.  Store in a capped glass bottle, not in a plastic container.
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7.1.6 Sodium Sulfate, Na SO , ACS Reagent Grade -- Before using a batch of2 4


Na SO , place in muffle furnace, increase temperature to 400°C and2 4


hold for 30 minutes.  Store in a capped glass bottle not in a plastic
container.


7.1.7 Sample Preservation Reagents


7.1.7.1 Phosphate Buffer -- Used to lower the sample matrix pH to 4.8
to 5.5 in order to inhibit base catalyzed degradation of the
haloacetonitriles,  some of the chlorinated solvents, and to7


standardize the pH of all samples.  Prepare a dry homogeneous
mixture of 1% Sodium Phosphate, dibasic (Na HPO )/99%2 4


Potassium Phosphate, monobasic (KH PO ) by weight (example: 2 4


2 g Na HPO  and 198 g KH PO  to yield a total weight of 200 g) 2 4 2 4


Both of these buffer salts should be in granular form and of ACS
grade or better.  Powder would be ideal but would require
extended cleanup time as outlined below in Section 7.1.7.5 to
allow for buffer/solvent settling.


7.1.7.2 Ammonium Chloride, NH Cl, ACS Reagent Grade -- Used to4


convert free chlorine to monochloramine.  Although this is not
the traditional dechlorination mechanism, ammonium chloride is
categorized as a dechlorinating agent in this method.


7.1.7.3 Sodium Sulfite, Na SO , ACS Reagent Grade -- Used as a2 3


dechlorinating agent for chloral hydrate sample analysis.


7.1.7.4 To simplify the addition of 6 mg of the dechlorinating agent to
the 60 mL vial, the dechlorinating salt is combined with the
phosphate buffer as a homogeneous mixture.  Add 1.2 g of the
appropriate dechlorinating agent to 200 g of the phosphate
buffer.  When 1 g of the buffer/dechlorinating agent mixture are
added to the 60 mL sample vial, 6 mg of the dechlorinating
agent are included reflecting an actual concentration of
100 mg/L.  Two separate mixtures are prepared, one containing
ammonium chloride and the other with sodium sulfite.


7.1.7.5 If background contaminants are detected in the salts listed in
Sections 7.1.7.1 through 7.1.7.3, a solvent rinse cleanup
procedure may be required.  These contaminants may coelute
with some of the high molecular weight herbicides and
pesticides.  These salts cannot be muffled since they decompose
when heated to 400°C.  This solvent rinsing procedure is applied
to the homogeneous mixture prepared in Section 7.1.7.4.
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Note:  If a laboratory is not conducting analyses for the high
molecular weight herbicides and pesticides, this cleanup may
not be required if no interfering peaks are observed within the
retention time window (Section 12.2) for any target analytes in
the laboratory reagent blank. 


SOLVENT RINSE CLEANUP PROCEDURE


Prepare two separate homogeneous mixtures of the phosphate
buffer salts (Section 7.1.7.1) in a 500 mL beaker.  To one, add the
correct amount of ammonium chloride and to the other add the
correct amount of sodium sulfite.  Three separate solvents are
then used to rinse the mixture.  (This solvent rinsing must be
performed in a fume hood or glove box.)  First, add approx.
100 mL of methanol, or enough to cover the salt to a depth of
approx. 1 cm, and using a clean spatula, stir the solvent salt
mixture for one minute.  Allow the buffer/solvent mixture to
settle for one minute and then decant the methanol, being
careful not to pour off the rinsed buffer.  It may be necessary to
perform this procedure up to four times with methanol.


Note:  By softly lifting and tapping the base of the beaker
against the fume hood counter surface, more of the solvent is
brought to the surface of the buffer.


Next, perform the identical procedure up to two times using
acetone.  Finally, perform two final rinses with the appropriate
extracting solvent (MTBE or Pentane).  After the final solvent
rinse, place the "wet" buffer on a hot plate at approx. 60°C for
30 minutes or until dry.  Stir the mixture every five minutes to
aid the evaporation of excess solvent.  Once dry, place the buffer
in a glass bottle with either a ground glass stopper or TFE-faced
septum.


7.2 Reagent Water -- Reagent water is defined as purified water which does not
contain any measurable quantities of any target analytes or any other
interfering species.


7.2.1 A Millipore Super-Q water system or its equivalent may be used to
generate deionized reagent water.  Distilled water that has been
charcoal filtered may also be suitable.


7.2.2 Test reagent water each day it is used by analyzing according to
Section 11.0.
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7.3 Stock Standard Solutions (SSS) -- These solutions may be obtained as certified
solutions or prepared from neat materials using the following procedures:


7.3.1 For analytes which are solids in their pure form, prepare stock standard
solutions (1 mg/mL) by accurately weighing approximately 0.01 g of
pure material in a 10 mL volumetric flask.  Dilute to volume with
acetone.  Due to the low solubility of simazine, this stock should be
prepared at 0.5 mg/mL by weighing 0.005 g diluted to volume with
acetone in a 10 mL volumetric flask.  Alternatively, simazine stock
standard solutions may be prepared in ethyl acetate at approximately
0.01 g/10 mL.  Stock standard solutions for analytes which are liquid in
their pure form at room temperature can be accurately prepared in the
following manner.


7.3.1.1 Place about 9.8 mL of acetone into a 10 mL ground-glass
stoppered volumetric flask.  Allow the flask to stand,
unstoppered, for about 10 minutes to allow solvent film to
evaporate from the inner walls of the volumetric flask, and
weigh to the nearest 0.1 mg.


 
7.3.1.2 Use a 10 µL syringe and immediately add 10.0 µL of standard


material to the flask by keeping the syringe needle just above
the surface of the acetone.  Caution should be observed to be
sure that the standard material falls dropwise directly into the
acetone without contacting the inner wall of the volumetric
flask.


7.3.1.3 Reweigh, dilute to volume, stopper, then mix by inverting the
flask several times.  Calculate the concentration in milligrams
per milliliter from the net gain in weight.  Final concentration
should be between 0.800-1.50 mg/mL.


7.3.2 Larger volumes of standard solution may be prepared at the discretion
of the analyst.  When compound purity is assayed to be 96% or greater,
the weight can be used without correction to calculate the concentration
of the stock standard.


7.3.3 Commercially prepared stock standards can be used at any
concentration if they are certified by the manufacturer or by an
independent source.  When purchasing commercially prepared stock
standards, every effort should be made to avoid solutions prepared in
methanol (chloral hydrate is an exception, Section 7.3.3.1).  Methanol
can cause degradation of most of the haloacetonitriles.  In addition,
some commercial suppliers have reported instability with solutions of
simazine and atrazine prepared in methanol .  For these reasons,18


acetone should be used as the primary solvent for stock standard and
primary dilution standard preparation and all sources of methanol
introduction into these acetone solutions should be eliminated.
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7.3.3.1 It is extremely difficult to acquire chloral hydrate in its pure
form since it is classified as a controlled substance. 
Consequently, if pure chloral hydrate cannot be acquired, a
commercially prepared solution of this analyte (most often at
1.0 mg/mL) must be purchased.  Most manufactures provide
certified chloral hydrate solutions in methanol.  Since chloral
hydrate is unstable, standards from a separate vendor must be
utilized to confirm the accuracy of the primary supplier's
solution.  


7.3.4 Outside source stock solutions, which are independently prepared or
purchased from an outside source different from the source for the
original stock standard solutions, must be used as a means of verifying
the accuracy of the original stock standard solutions for all analytes. 
Prepare a dilution of both stocks in acetone and perform a final dilution
in MTBE such that each stock dilution is at the same concentration. 
Analyze as outlined in Section 11.3.  The relative percent difference
(RPD as defined below) between the analytes' response (area counts)
from both solutions should not exceed 25% for any one analyte.  The
RPD must be less than 20% for 90% or greater of the total number of
target analytes analyzed.


7.3.4.1 If this criteria cannot be met, a third outside source should be
purchased and tested in the same manner.  When two sources of
stock solutions agree, the accuracy of the stock solutions is
confirmed.  This should be done prior to preparing the primary
dilution standards.


7.3.5 Stock Solution of Surrogate -- Prepare a stock solution of the surrogate
standard in acetone by weighing approx. 0.010 g decafluorobiphenyl in
a 10 mL volumetric flask.  When diluted to volume this yields a
concentration of 1.00 mg/mL.  Alternate surrogate analytes may be
selected provided they are similar in analytical behavior to the
compounds of interest, are highly unlikely to be found in any sample,
and do not coelute with target analytes.


7.3.6 Stock Solution of Internal Standard (IS) -- Use of an IS is optional when
MTBE is the extraction solvent but mandatory if pentane is used.  This
is due to the high volatility of pentane when compared to MTBE (see
boiling points, SectION 6.9.2.1).  Prepare an internal standard stock
solution of bromofluorobenzene (BFB) in acetone.  Since this compound
is a liquid at room temperature, the procedure outlined in
Sections 7.3.1.1 through 7.3.1.3 should be followed but add
approximately 65 µL of neat BFB rather than 10 µL as specified in
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Section 7.3.1.2.  When diluted to volume this yields a concentration
near 10.0 mg/mL.  Alternate internal standard analytes may be selected
provided they are highly unlikely to be found in any sample and do
not coelute with target analytes. 


7.3.7 Transfer the stock standard solutions into Teflon-lined screw cap amber
bottles.  Store at 4°C or less and protect from light.  Stock standard
solutions should be checked frequently for signs of degradation or
evaporation, especially just prior to preparing calibration standards
from them.


7.3.8 When stored in a freezer at <-10°C, the THM stock standards have been
shown to be stable for up to six months.  The other analyte stock
standards, with the exception of chloral hydrate, have been shown to be
stable for at least four months when stored in a freezer (<-10°C). 
Chloral hydrate stock standards, when stored in a freezer (<-10°C),
have been shown to be stable for two months, however, since freezers
can hold at various temperatures below -10°C, fresh chloral hydrate
standards should be initially prepared weekly, until the stability of this
analyte is determined for a specific laboratory setting.


 
7.4 Primary Dilution Standards (PDS) -- Two separate groups of primary dilution


standards must be prepared; one set in acetone for all the method analytes
except chloral hydrate and the second set in methanol for chloral hydrate. 
Although preparation of separate chloral hydrate standards may seem
laborious, due to the stability problems encountered with this analyte, making
fresh chloral hydrate primary dilution standards is more efficient.  Prepare
primary dilution standards by combining and diluting stock standards in
acetone (methanol for chloral hydrate).  The primary dilution standards should
be prepared such that when 25 µL of this primary dilution standard are added
to 50 mL of buffered/dechlorinated reagent water (Section 10.1.2), aqueous
concentrations will bracket the working concentration range.  Store the primary
dilution standard solutions in vials or bottles, with caps using TFE faced liners,
in a freezer (<-10°C) with minimal headspace and check frequently for signs of
deterioration or evaporation, especially just before preparing calibration
standards.  The same comments on storage stability in Section 7.3.8 apply to
primary dilution standards.


7.4.1 Surrogate Primary Dilution Standard -- Dilute 500 µL of the surrogate
stock solution to volume with acetone in a 50 mL volumetric flask. 
This yields a primary dilution standard at 10.0 µg/mL.  Addition of
50 µL of this standard to 50 mL of aqueous sample yields a final
concentration in water of 10.0 µg/L.  This solution is fortified into the
aqueous sample prior to extraction of all calibration standards
(Section 10.1.3), quality control samples (Section 9.0), LRBs
(Section 9.3.1) and actual field samples (Section 11.1.3) in the extraction
set. 
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7.4.2 Internal Standard (IS) Primary Dilution Standard -- Prepare a IS
primary dilution standard at 100 µg/mL by diluting the appropriate
amount of internal standard stock solution (500 µL if stock is
10.0 mg/mL) to volume with acetone in a 50 mL volumetric flask. 
When 10 µL of this solution are added to 1.0 mL of extract, the
resultant final concentration is 1.00 µg/mL.  The internal standard is
used in order to perform an internal standard calibration and is added
to an analytically precise volume of the extract following extraction. 
This solution is added to all extracts.


7.4.3 Reserve approximately a 10 mL aliquot of the same lot of both the
acetone and methanol used in the preparation of the primary dilution
standards.  When validating the accuracy of the calibration standards
(Section 7.3.4), fortify a laboratory reagent blank with 25 µL of both the
acetone and the methanol which was used to prepare the primary
dilution standards.  Analysis of this laboratory reagent blank will
confirm no target analyte contamination in the solvents used to prepare
the primary dilution standards.


7.5 Laboratory Performance Check Solution (LPC) -- To insure proper instrument
performance, a Laboratory Performance Check Solution is prepared.  This
solution is prepared in MTBE for direct injection on the GC and is used to
evaluate the parameters of instrument sensitivity, chromatographic
performance, column performance and analyte breakdown.  These parameters
are listed in Table 7 along with the method analytes utilized to perform this
evaluation, their concentration in MTBE and the acceptance criteria.  To
prepare this solution at the concentrations listed in Table 7, a double dilution
of the analyte stock solutions must be made.  First prepare a primary stock
dilution mix at 1000 times the concentrations listed in Table 7, by adding the
appropriate volume of each stock solution to a single 50 mL volumetric flask
containing approximately 25 mL of MTBE.  Dilute to volume with MTBE. 
Then the LPC working solution is prepared in MTBE by diluting 50 µL of the
primary stock dilution mix in MTBE to 50 mL in a volumetric flask.  The best
way to accomplish this is to add approximately 48 mL MTBE to the 50 mL
volumetric flask and add 50 µL of the primary stock dilution mix, then dilute
to volume with MTBE.  Store this solution in a vial or bottle, with TFE faced
cap, in a freezer (<-10°C) with minimal headspace and check frequently for
signs of deterioration or evaporation.


7.5.1 If a laboratory is not conducting analyses for the high molecular weight
pesticides and herbicides, a modified LPC may be prepared.  This
modified LPC can omit the endrin analyte breakdown component as
well as the resolution requirement for bromacil and alachlor under
column performance.  In addition, substitute analytes in place of
lindane for the sensitivity check and hexachlorocyclopentadiene for
chromatographic performance can be selected.  These substitute
compounds must meet the same criteria as listed in Table 7 with the
concentration for sensitivity check near the substitute analyte's EDL and
the concentration for chromatographic performance near 50 times the
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substitute analyte's EDL.  The column performance criteria for
resolution between bromodichloromethane and trichloroethylene cannot
be modified.


7.5.2 If pentane is selected as an alternate extraction solvent the LPC must
also be prepared in pentane.


8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE


8.1 Sample Vial Preparation


8.1.1 To conduct analyses for the total analyte list, two sets of 60 mL vials
must be prepared for sampling.  One set of vials, prepared for the
analysis of all target analytes except chloral hydrate, contains
ammonium chloride as a dechlorinating agent.  Due to concerns over
low recoveries for chloral hydrate in matrices preserved with
ammonium chloride (Section 8.1.2), a separate sample set must be
collected and preserved with sodium sulfite.  Both sets of vials are
prepared as follows.


8.1.1.1 Using the homogeneous phosphate buffer/dechlorinating agent
mixtures prepared in Section 7.1.7.4, 1 g of the appropriate
mixture are added to the corresponding vials.


8.1.2 If the sample assay is for only the THMs and/or solvents, either
dechlorinating agent can be added.  However, sodium sulfite promotes
the decomposition of the haloacetonitriles, 1,1-dichloro-2-propanone,
1,1,1-trichloro-2-propanone  and chloropicrin and therefore ammonium
chloride must be used as the dechlorination reagent in their analysis. 
In addition, some fortified matrices, dechlorinated with ammonium
chloride, have displayed recoveries of chloral hydrate which have been
up to 50% lower than expected, when compared to the same sample
matrix dechlorinated with sodium sulfite.  In other matrices, recoveries
have been consistent regardless of dechlorinating agent.  The reason for
these differences has not been determined.  Due to this uncertainty, a
separate sample, dechlorinated with 100 mg/L sodium sulfite must be
collected for the analysis of chloral hydrate.


8.1.3 The dechlorinating agents, if not added within the homogeneous
mixture of the buffer, must be added to the sampling vials as a dry salt. 
Solutions of the dechlorinating agents should not be used due to
concerns over the stability of these salts dissolved in solution and the
potential chemical interactions of aqueous solutions of these salts with
the dry phosphate buffer.


8.1.4 Samples must contain either 100 mg/L ammonium chloride or sodium
sulfite, as appropriate for the analysis being performed.  This amount
will eliminate free chlorine residual in typical chlorinated drinking
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water samples.  If high chlorine doses are used, such as in a maximum
formation potential test, additional dechlorinating reagent may be
required.


8.2 Sample Collection


8.2.1 Collect all samples in duplicate.  Fill sample bottles to just overflowing
but take care not to flush out the buffer/dechlorination reagents.  No
air bubbles should pass through the sample as the bottle is filled, or be
trapped in the sample when the bottle is sealed.


8.2.2 When sampling from a water tap, open the tap and allow the system to
flush until the water temperature has stabilized (usually about three to
five minutes).  Remove the aerator and adjust the flow so that no air
bubbles are visually detected in the flowing stream.


8.2.3 When sampling from an open body of water, fill a 1 q wide-mouth
glass bottle or 1 L beaker with sample from a representative area, and
carefully fill duplicate 60 mL sample vials from the container.


8.2.4 The samples must be chilled to 4°C on the day of collection and
maintained at that temperature until analysis.  Field samples that will
not be received at the laboratory on the day of collection must be
packaged for shipment with sufficient ice to ensure they will be at 4°C
on arrival at the laboratory.  Synthetic ice (i.e., Blue ice) is not
recommended. 


 8.3 Sample Storage/Holding Times


8.3.1 Store samples at 4°C and extracts in a freezer (<-10°C) until analysis. 
The sample storage area must be free of organic solvent vapors.


8.3.2 Extract all samples within 14 days of collection and analyze within 14
days following extraction.  This applies to either MTBE or pentane
extracts).  Samples not analyzed within these time periods must be
discarded and replaced.


9.0 QUALITY CONTROL


9.1 Each laboratory that uses this method is required to operate a formal quality
control (QC) program.  Minimum QC requirements include the laboratory
performance check standard, initial demonstration of laboratory capability,
method detection limit determination, analysis of laboratory reagent blanks,
continuing calibration check standard, laboratory fortified sample matrices,
field duplicates and monitoring surrogate and/or internal standard peak
response in each sample and blank.  Additional quality control practices may
be added.







551.1-19


9.2 Assessing Instrument System -- Laboratory Performance Check Standard
(LPC) -- Prior to any sample analyses, a laboratory performance check
standard must be analyzed.  The LPC sample contains compounds designed to
indicate appropriate instrument sensitivity, endrin breakdown, column
performance (primary column), and chromatographic performance.  LPC
sample components and performance criteria are listed in Table 7.  Inability to
demonstrate acceptable instrument performance indicates the need for
reevaluation of the instrument system.  The sensitivity requirement is based on
the Estimated Detection Limits (EDLs) published in this method.  If laboratory
EDLs differ from those listed in this method, concentrations of the LPC
standard must be adjusted to be compatible with the laboratory EDLs.  If
endrin breakdown exceeds 20%, the problem can most likely be solved by
performing routine maintenance on the injection port including replacing the
injection port sleeve, and all associated seals and septa.  If column or
chromatographic performance criteria cannot be met, new columns may need
to be installed, column flows corrected, or modifications adapted to the oven
temperature program.  During early method development work, significant
chromatographic and column performance problems were observed while
using a DB-1 column which had been used for several years for drinking water
extract analysis.  By installing a new DB-1 column, these performance
problems were overcome.  If the columns to be used for this method have
been used for several years or have had extended use with extracts from harsh
sample matrices (i.e., wastewater, acidified sample extracts, hazardous waste
samples) it may be difficult to meet the criteria established for this LPC
standard and column replacement may be the best alternative.  


9.3 Laboratory Reagent Blanks (LRB) -- Before processing any samples, the analyst
must analyze an LRB to demonstrate that all glassware and reagent
interferences are under control.  In addition, each time a set of samples is
extracted or reagents are changed, a LRB must be analyzed.  If the LRB
produces a peak within the retention time window of any analyte
(Section 12.2) preventing the quantitation  of that analyte, determine the source
of the contamination and eliminate the interference before processing samples. 
LRB samples must contain the appropriate buffer for the target analytes
(buffered/NH Cl dechlorinated and/or buffered/Na SO  dechlorinated reagent4 2 3


water).


9.3.1 Prepare the two LRBs in the appropriate buffered/dechlorinated
reagent water.  Add 50 µL of surrogate primary dilution standard
(Section 7.4.1) to each blank and follow the procedure outlined in
Section 11.2.


9.4 Initial Demonstration of Capability (IDC)


9.4.1 Preparation of the IDC Laboratory Fortified Blank (LFB) -- Select a
concentration for each of the target analyte which is approximately
50 times the EDL or close to the expected levels observed in field
samples.  Concentrations near analyte levels in Table 3.A are
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recommended.  Prepare a LFB by adding the appropriate concentration
of the primary dilution standard (Section 7.4) to each of four to seven
50 mL aliquots of buffered/NH Cl dechlorinated reagent water. 4


Separate Na SO  preserved matrices need not be analyzed2 3


(Section 9.4.1.1).  Analyze the aliquots according to the method
beginning in Section 11.0.


9.4.1.1 Chloral hydrate is included in the buffered/NH Cl4


dechlorinated reagent water, containing all the other target
analytes since no matrix induced recovery problems have been
found from reagent water preserved with NH Cl.4


9.4.2 Following procedural calibration standard analysis and subsequent
instrument calibration, analyze a set of at least seven IDC samples and
calculate the mean percent recovery (R) and the relative standard
deviation of this recovery (RSD).  The percent recovery is determined as
the ratio of the measured concentration to the actual fortified
concentration.  For each analyte, the mean recovery value must fall
within the range of 80-120% and the RSD must not exceed 15%.  For
those compounds that meet these criteria, performance is considered
acceptable, and sample analysis may begin.  For those compounds that
fail these criteria, this procedure must be repeated using eight fresh
samples until satisfactory performance has been demonstrated.


9.4.3 The initial demonstration of capability is used primarily to preclude a
laboratory from analyzing and reporting unknown samples without
obtaining some experience with an unfamiliar method.  It is expected
that as laboratory personnel gain experience with this method, the
quality of data will improve beyond those specified in Section 9.4.2.


9.4.4 Method Detection Limits (MDL) -- Prior to the analysis of any field
samples the method detection limits must be determined.  Initially,
estimate the concentration of an analyte which would yield a peak
equal to five times the baseline noise and drift.  Prepare a primary
dilution standard with analyte concentrations at 1000 times this level in
acetone (or methanol for chloral hydrate).


9.4.4.1 Prepare a 500 mL aliquot of buffered/ammonium chloride
dechlorinated reagent water.  Fill a minimum of seven replicate,
60 mL vials with 50 mL of the buffered/dechlorinated (NH Cl)4


reagent water. 


9.4.4.2 Fortify the 50 mL buffered/dechlorinated (NH Cl) reagent water4


with 50 µL of both the MDL concentrate prepared in acetone
and the chloral hydrate MDL concentrate in methanol.  Separate
preparation of a reagent water containing Na SO  as the2 3


dechlorinating agent for chloral hydrate MDL determination is
not necessary. (See Section 9.4.1.1)
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9.4.4.3 Extract and analyze these samples as outlined in Section 11.0. 
MDL determination can then be performed as discussed in
Section 13.1. 


9.5 Laboratory Fortified Blank (LFB) -- Since this method utilizes procedural
calibration standards, which are fortified reagent water, there is no difference
between the LFB and the continuing calibration check standard.  Consequently,
there is not a requirement for the analysis of an LFB.  However, the criteria
established for the continuing calibration check standard (Section 10.4) should
be evaluated as the LFB.


9.6 Laboratory Fortified Sample Matrix (LFM) -- The laboratory must add known
concentrations of analytes to a minimum of 10% of the routine samples or one
fortified sample per sample set, whichever is greater, for both NH Cl and4


Na SO  dechlorinated sample matrices.  The concentrations should be equal to2 3


or greater than the background concentrations in the sample selected for
fortification.  Over time, samples from all routine sample sources should be
fortified.  By fortifying sample matrices and calculating analyte recoveries, any
matrix induced analyte bias is evaluated.  When an analyte recovery falls
outside the acceptance criteria outlined below, a bias is concluded and that
analyte for that matrix is reported to the data user as suspect. 


9.6.1 First, follow the procedure outlined in Section 11.1.


9.6.2 Next, prepare the LFM by adding 50 µL of an acetone based standard
solution into the remaining 50 mL of the buffered/NH Cl dechlorinated4


sample matrix in the vial in which it was sampled.  This sample vial
will have had the required amount of aqueous sample removed as
specified in Section 11.1.2.  Add 50 µL of surrogate primary dilution
standard (Section 7.4.1) and follow procedure outlined in Sections 11.0
and 12.0.


9.6.3 When chloral hydrate is being determined, prepare the LFM by adding
50 µL of a methanol based chloral hydrate standard solution into 50 mL
of the buffered/Na SO  dechlorinated sample matrix in the vial in2 3


which it was sampled.  Add 50 µL of surrogate primary dilution
standard (Section 7.4.1) and follow procedure outlined in Sections 11.0
and 12.0.


9.6.4 Calculate the percent recovery, R, of the concentration for each analyte,
after correcting the total measured concentration, A, from the fortified
sample for the background concentration, B, measured in the
unfortified sample, i.e.:


where: C = the fortifying concentration.
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The recoveries of all analytes being determined must fall between 75%
and 125% and the recoveries of at least 90% of these analytes must fall
between 80% and 120%.  This criteria is applicable to both external and
internal standard calibrated quantitation.


9.6.5 If a recovery falls outside of this acceptable range, a matrix induced
bias can be assumed for the respective analyte and the data for that
analyte in that sample matrix must be reported to the data user as
suspect.


9.6.6 If the unfortified matrix has analyte concentrations equal to or greater
than the concentration fortified, a duplicate sample vial needs to be
fortified at a higher concentration.  If no such sample is available the
recovery data for the LFM sample should not be reported for this
analyte to the data user.  


9.7 Field Duplicates (FD1 and FD2) -- The laboratory must analyze a field sample
duplicate for a minimum of 10% of the total number of field samples or at
least one field sample duplicate per sample set, whichever is greater. 
Duplicate results must not reflect a relative percent difference (RPD as defined
below) greater than 25% for any one analyte and the RPD for 90% of the
analytes being determined must be less than 20%.


where: FD1 and FD2 = the quantified concentration on an individual analyte
   for the initial and duplicate field sample analysis,
   respectively


If this criteria is not met the analysis must be repeated.  Upon repeated failure,
the sampling must be repeated or the analyte out of control must be reported
as suspect to the data user.


9.8 Assessing Surrogate Recovery


9.8.1 The surrogate analyte is fortified into the aqueous portion of all
calibration standards, quality control samples and field samples.  By
monitoring the surrogate response, the analyst generates useful quality
control information from extraction precision through quantitative
analysis.  Deviations in surrogate recovery may indicate an extraction
problem.  If using external standard calibration the surrogate retention
time functions as a reference for identification of target analytes.


9.8.2 Using the mean surrogate response from the calibration standard
analyses (Cal ), determine the surrogate percent recovery (%REC ) inSR S


all calibration standards, LFBs, and LFMs, and field samples.  This
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recovery is calculated by dividing the surrogate response from the
sample (Sam ) by the mean response from the initial calibrationSR


standards (Section 10.2 or Section 10.3) and multiplying by 100, as
shown below.  


Recoveries must fall within the range of 80-120%.  If a sample provides
a recovery outside of this range, the extract must be reanalyzed.  If
upon reanalysis, the recovery continues to fall outside the acceptable
range a fresh sample should be extracted and analyzed.  If this is not
possible the data for all the analytes from this sample should be
reported to the data user as suspect due to surrogate recovery outside
acceptable limits.


9.8.3 If consecutive samples fail the surrogate response acceptance criterion,
immediately analyze a continuing calibration standard.


9.8.3.1 If the continuing calibration standard provides a recovery within
the acceptable range of 80-120%, then follow procedures
itemized in Section 9.8.2 for each sample failing the surrogate
response criterion.


9.8.3.2 If the check standard provides a surrogate recovery which falls
outside the acceptable range or fails the acceptance criteria
specified in Section 10.4 for the target analytes, then the analyst
must recalibrate, as specified in Section 10.0.


9.9 Assessing the Internal Standard (IS)


9.9.1 When using the internal standard calibration procedure, the analyst
must monitor the internal standard response (peak area or peak height)
of all samples during each analysis day.  The internal standard
response should not deviate from mean internal standard response of
the past five continuing calibration standards by >20%.


9.9.2 If >20% deviation occurs with an individual extract, optimize
instrument performance and inject a second aliquot of that extract.


9.9.2.1 If the reinjected aliquot produces an acceptable internal standard
response, report results for that aliquot.


9.9.2.2 If a deviation of >20% is obtained for the reinjected extract,
analysis of a calibration check standard must be performed
(Section 10.4).
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9.9.3 If consecutive samples fail this IS response acceptance criterion,
immediately analyze a calibration check standard.


9.9.3.1 If the check standard provides a response factor (RF) within 20%
of the predicted value for the internal standard and the criteria
for all the target analytes as specified in Section 10.4 is met, the
previous sample(s) failing the IS response criteria need to be
reextracted provided the sample is still available.  In the event
that reextraction is not possible, report results obtained from the
reinjected extract (Section 9.9.2) but annotate as suspect due to
internal standard recovery being outside acceptable limits.


9.9.3.2 If the check standard provides a response factor which deviates
more than 20% of the predicted value for the internal standard
or the criteria for the target analytes, as specified in Section 10.4
are not met, then the analyst must recalibrate, as specified in
Section 10.3 and all samples analyzed since the previous
calibration check standard need to be reanalyzed.


9.10 Confirmation Column Analysis -- If a positive result is observed on the
primary column, a confirmation analysis should be performed using either the
confirmation column or by GC/MS.


9.11 The laboratory may adapt additional quality control practices for use with this
method.  The specific practices that are most productive depend upon the
needs of the laboratory and the nature of the samples.  For example, field
reagent blanks may be used to assess contamination of samples under site
conditions, transportation and storage.


9.12 Quality control samples (QCS) from an outside source, as defined in
Section 3.12, should be analyzed at least quarterly. 


10.0 CALIBRATION AND STANDARDIZATION


10.1 Preparation of Calibration Standards


10.1.1 Five calibration standards are required.  One should contain the
analytes at a concentration near to but greater than the method
detection limit (Table 2) for each compound; the others should be
evenly distributed throughout the concentration range expected in
samples or define the working range of the detector.  Guidance on the
number of standards is as follows:  A minimum of three calibration
standards are required to calibrate a range of a factor of 20 in
concentration.  For a factor of 50 use at least four standards, and for a
factor of 100 at least five standards.  For example, if the MDL is
0.1 µg/L, and a sample concentrations are expected to range from
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1.0-10.0 µg/L, aqueous standards should be prepared at 0.20 µg/L,
0.80 µg/L, 2.0 µg/L, 5.0 µg/L, and 15.0 µg/L.


10.1.2 As a means of eliminating any matrix effects due to the use of the
phosphate buffer and dechlorinating agents, the procedural calibration
standards are prepared in reagent water which has been buffered to pH
4.8-5.5 and dechlorinated with ammonium chloride.  To prepare this
buffered/dechlorinated reagent water, add 8.3 g of phosphate
buffer/dechlorinating agent (Section 7.1.7.4, ammonium chloride type)
to 500 mL of reagent water (Section 7.2).  


10.1.3 Next, add 25 µL of the desired concentration primary dilution
standards (acetone and methanol based, Section 7.4) to a 50 mL aliquot
of the buffered/dechlorinated reagent water in a 60 mL vial.  Use a
50 µL micro syringe and rapidly inject 25 µL of the standard into the
middle point of the water volume.  Remove the needle as quickly as
possible after injection.  Next, add 50 µL of the surrogate standard
solution (Section 7.4.1) in the same manner.  Mix by slowly and
carefully inverting the sample vial two times with minimal sample
agitation.  Aqueous standards must be prepared fresh daily and
extracted immediately after preparation (Section 11.2).


10.1.3.1 By including chloral hydrate into the total NH Cl analyte4


matrix, a separate calibration standard analysis for
Na SO  preserved reagent water fortified with chloral2 3


hydrate is avoided.  Chloral hydrate is included in the
buffered/NH Cl dechlorinated reagent water, containing4


all the other target analytes since no matrix induced
recovery problems have been found from reagent water
preserved with NH Cl.4


Warning:  Do not attempt to analyze chloral hydrate in
field samples preserved with NH Cl, low recoveries may4


result due to matrix effects.


Caution:  DO NOT prepare procedural calibration
standards in a volumetric flask and transfer the sample
to an extraction vial either directly for weight
determination of volume or into a graduated cylinder
with a subsequent additional transfer into the extraction
vial.  Volatility experiments reflected as much as a 30%
loss in volatile low molecular weight analytes following
such transfers.  All fortified samples and field samples
must be extracted in the vial or bottle in which they were
fortified and collected.  
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10.2 External Standard Calibration Procedure


10.2.1 Extract and analyze each calibration standard according to Section 11.0
and tabulate peak height or area response versus the concentration of
the standard.  The results are used to prepare a calibration curve for
each compound by plotting the peak height or area response versus the
concentration.  This curve can be defined as either first or second order. 
Alternatively, if the ratio of response to concentration (response factor)
is constant over the working range (≤10% relative standard
deviation,[RSD]), linearity through the origin can be assumed, and the
average ratio or calibration factor can be used in place of a calibration
curve.


10.2.2 Surrogate analyte recoveries must be verified as detailed in Section 9.8.


10.3 Internal Standard (IS) Calibration Procedure


10.3.1 Extract each calibration standard according to Section 11.0.  Remove a
1.00 mL portion of the MTBE or pentane extract from the sample
extraction vial and place this into a 2.0 mL autosampler vial.  To this
extract, add the 10 µL of the internal standard primary dilution
standard, cap the vial and analyze.  Following analysis, tabulate peak
height or area responses against concentration for each compound and
the internal standard.  Calculate relative response factor (RRF) for each
compound using the following equation.


where: A  = Response for the analyte to be measureds


A  = Response for the internal standardis


C  = Concentration of the internal standard (µg/L)is


C  = Concentration of the analyte to be measured (µg/L)s


If RF value over the working range is constant (<10% RSD), the average
RF can be used for calculations.  Alternatively, the results can be used
to plot a calibration curve of response versus analyte ratios, A /A  vs.s is


C .s


10.4 Continuing Calibration Check Standard


10.4.1 Preceding each analysis set, after every 10th sample analysis and after
the final sample analysis, a calibration standard should be analyzed as
a continuing calibration check.  These check standards should be at two
different concentration levels to verify the calibration curve.  This
criteria is applicable to both external and internal standard calibrated
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quantitation.  Surrogate and internal standard recoveries must be
verified as detailed in Sections 9.8 and 9.9, respectively.


10.4.2 In order for the calibration to be considered valid, analyte recoveries for
the continuing calibration check standard must fall between 75% and
125% for all the target analytes.  The recoveries of at least 90% of the
analytes determined must fall between 80% and 120%.


10.4.3 If this criteria cannot be met, the continuing calibration check standard
is reanalyzed in order to determine if the response deviations observed
from the initial analysis are repeated.  If this criteria still cannot be met
then the instrument is considered out of calibration for those specific
analytes beyond the acceptance range.  The instrument needs to be
recalibrated and the previous samples reanalyzed or those analytes out
of acceptable range should be reported as suspect to the data user for
all the previously analyzed samples.


11.0 PROCEDURE


11.1 Sample Preparation


11.1.1 Remove samples from storage and allow them to equilibrate to room
temperature.


11.1.2 Remove the vial caps.  Remove a 10 mL volume of the sample.  Check
the pH of this 10 mL aliquot to verify that it is within a pH range of
4.5 and 5.5.  If the pH is out of this range a new sample must be
collected.  Replace the vial caps and weigh the containers with contents
to the nearest 0.1 g and record these weights for subsequent sample
volume determination.  (See Section 11.2.4 for continuation of weighing
and calculation of true volume).  Alternatively, the sample vials may be
precalibrated by weighing in 50 mL of water and scoring the meniscus
on the bottle.  This will eliminate the gravimetric step above and in
Section 11.2.4.


11.1.3 Inject 50 µL of the surrogate analyte fortification solution (Section 7.4.1)
into the sample.  The aqueous concentration of surrogate analyte must
be the same as that used in preparing calibration standards
(Section 9.1.3).  Mix by slowly and carefully inverting the sample vial
two times with minimal sample agitation.


11.2 Sample Extraction


11.2.1 With MTBE as Extraction Solvent


11.2.1.1 After addition of the surrogate (Section 11.1.3) add
exactly 3.0 mL of MTBE with a Type A, TD, transfer or
automatic dispensing pipet.
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11.2.1.2 Add 10 g NaCl or 20 g Na SO  to the sample vial.  (See2 4


Section 13.7 for an important notice concerning the use of
NaCl when analyzing for DBPs.)  Recap and extract the
NaCl or Na SO /MTBE/sample mixture by vigorously2 4


and consistently shaking the vial by hand for four
minutes.  Invert the vial and allow the water and MTBE
phases to separate (approx. two minutes).


If a series of samples are being prepared for extraction
using Na SO , immediately after the addition of the2 4


Na SO , the sample should be recapped, agitated and2 4


placed in a secure horizontal position with the
undissolved Na SO  distributed along the length of the2 4


vial.  If the vial is left in a vertical position, while
additional samples have solvent and salt added, the
Na SO  will solidify in the bottom of the vial and it will2 4


not dissolve during sample extraction.


Note:  Previous versions of this method call for the
addition of the salt by "shaking the vial vigorously"
before the MTBE has been added.  Please make a note
that this procedural order has been changed in an effort
to minimize volatile analyte losses.


11.2.1.3 By using a disposable Pasteur pipet (Section 6.2), transfer
a portion of the solvent phase from the 60 mL vial to an
autosampler vial (Section 6.2).  Be certain no water has
carried over onto the bottom of the autosampler vial.  If
a dual phase appears in the autosampler vial, the bottom
layer can be easily removed and discarded by using a
Pasteur pipet.  The remaining MTBE phase may be
transferred to a second autosampler vial as a backup
extract or for separate confirmation analysis. 
Approximately 2.5 mL of the solvent phase can be
conveniently transferred from the original 3 mL volume.


11.2.1.3.1 If using an internal standard quantitation,
the extract transfer into the autosampler
vial must be performed in a quantitative
manner.  This may be done using a
1.00 mL syringe or a 2.00 mL graduated
disposable pipet to accurately transfer
1.00 mL of sample extract to the
autosampler vial where 10 µL of internal
standard primary dilution standard
(Section 7.4.2) solution can be added.
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11.2.2 With Pentane as Extraction Solvent


11.2.2.1 After addition of the surrogate (Section 11.1.3) add
exactly 5.0 mL of pentane with a Type A, TD, transfer or
automatic dispensing pipet.


  11.2.2.2 Add 20 g Na SO  to the sample vial.  Recap and extract2 4


the Na SO /pentane/sample mixture by vigorously and2 4


consistently shaking the vial by hand for four minutes. 
Invert the vial and allow the water and pentane phases
to separate (approx. two minutes).


Note:  Previous versions of this method call for the
addition of NaCl by "shaking the vial vigorously" before
the pentane has been added.  Please make a note that
this procedural order has been changed in an effort to
minimize volatile analyte losses.


If a series of samples are being prepared for extraction,
immediately after the addition of the Na SO , the sample2 4


should be recapped, agitated and placed in a secure
horizontal position with the undissolved Na SO2 4


distributed along the length of the vial.  If the vial is left
in a vertical position, while additional samples have
solvent and salt added, the Na SO  will solidify in the2 4


bottom of the vial and it will not dissolve during sample
extraction.  


11.2.2.3 Using a disposable Pasteur pipet, transfer a portion of
the solvent phase from the 60 mL vial to an autosampler
vial.  Be certain no water has carried over onto the
bottom of the autosampler vial.  If a dual phase appears
in the autosampler vial, the bottom layer can be easily
removed and discarded using a Pasteur pipet.  The
remaining pentane phase may be transferred to a second
autosampler vial as a backup extract or for separate
confirmation analysis.


11.2.2.3.1 The extract transfer into the autosampler
vial must be performed in a quantitative
manner.  This may be done using a
1.00 mL syringe or a 2.00 mL graduated
disposable pipet to accurately transfer
1.00 mL of sample extract to the
autosampler vial where 10 µL of internal
standard primary dilution standard
(Section 7.4.2) solution can be added.
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11.2.3 Discard the remaining contents of the sample vial.  Shake off the last
few drops with short, brisk wrist movements.


11.2.4 Reweigh the empty vial with the original cap and calculate the net
weight of sample by difference to the nearest 0.1 g (Section 11.1.2
minus Section 11.2.4).  This net weight (in grams) is equivalent to the
volume of water (in mL) extracted, V .s


11.2.5 The sample extract may be stored in a freezer (<-10°C) for a maximum
of fourteen days before chromatographic analysis but no more than
24 hours at room temperature (i.e., on an autosampler rack).  Due to
the volatility of the extraction solvent, if the septum on a vial has been
pierced, the crimp top or screw cap septum needs to be replaced
immediately or the extract cannot be reanalyzed at a later time. 


11.3 Sample Analysis


11.3.1 The recommended GC operating conditions are described in
Sections 6.9.2.1 and 6.9.2.2 along with recommended primary and
confirmation columns.  Retention data for the primary and confirmation
columns are given in Table 1.


11.3.2 Inject 2 µL of the sample extract and record the resulting peak
response.  For optimum performance and precision, an autosampler for
sample injection and a data system for signal processing are strongly
recommended.


12.0 DATA ANALYSIS AND CALCULATIONS


12.1 Identify sample components by comparison of retention times to retention data
from the calibration standard analysis.  If the retention time of an unknown
compound corresponds, within limits (Section 12.2), to the retention time of a
standard compound, then identification is considered positive.


12.2 The width of the retention time window used to make identifications should
be based upon measurements of actual retention time variations of standards
over the course of a day.  Three times the standard deviation of a retention
time can be used to calculate a suggested window size for a compound. 
However, the experience of the analyst should weigh heavily in the
interpretation of chromatograms.  Use the initial demonstration of capability
retention time data as an initial means of determining acceptable retention
time windows.  Throughout the development of this method a retention time
window of 1.0% of the total analyte retention time was used.  


12.3 Identification requires expert judgment when sample components are not
resolved chromatographically, that is, when GC peaks obviously represent
more than one sample component (i.e., broadened peak with shoulder(s) or
valley between two or more maxima).  Whenever doubt exists over the
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identification of a peak in a chromatogram, confirmation is suggested by the
use of a dissimilar column or by GC-MS when sufficient concentrations of
analytes are present.


12.4 If the peak response exceeds the linear range of the calibration curve, the final
extract should be diluted with the appropriate extraction solvent and
reanalyzed.  The analyst is not permitted to extrapolate beyond the
concentration range of the calibration curve. 


12.5 Calculate the uncorrected concentrations (C ) of each analyte in the samplei


from the response factors or calibration curves generated in Section 10.2.1 or
Section 10.3.1.  Do not use the daily calibration check standard to calculate
amounts of method analytes in samples.


12.6 Calculate the corrected sample concentration as:


where: V  = equivalent to the net sample weight in grams determined in      s


Section 11.1.2 and Section 11.2.4


13.0 METHOD PERFORMANCE


 13.1 In a single laboratory, analyte recoveries from reagent water with MTBE as the
extracting solvent, were determined at three concentration levels, Tables 2A
through 4B.  Results from the lowest fortified level were used to determine the
analyte MDLs  listed in Table 2.  These MDLs along with the estimated11


detection limit (EDL) were determined in the following manner.  EDLs are
provided for informational purposes.


13.1.1 For each analyte, calculate the mean concentration and the standard
deviation of this mean between the seven replicates.  Multiply the
student's t-value at 99% confidence and n-1 degrees of freedom (3.143
for seven replicates) by this standard deviation to yield a statistical
estimate of the detection limit.  This estimate is the MDL.


13.1.2 Since the statistical estimate is based on the precision of the analysis, an
additional estimate of detection can be determined based upon the
noise and drift of the baseline as well as precision.  This estimate,
known as the "EDL" is defined as either the MDL or a level of
compound in a sample yielding a peak in the final extract with a signal
to noise (S/N) ratio of approximately five, whichever is greater.
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13.1.3 These MDL determinations were conducted on both the primary (DB-1)
and the confirmation (Rtx-1301) columns and are presented in
Tables 2A through 2D.


13.2 Analyte recoveries were also determined for reagent water with pentane as the
extracting solvent.  Two concentration levels were studied and the results are
presented in Tables 8 and 9.  Results from the lowest fortified level were used
to determine the analyte MDLs  listed in Table 8.  These MDLs along with the11


estimated detection limit (EDL) were determined in a manner analogous to
that described in Section 13.1.1 through 13.1.2.


13.3 In a single laboratory, method precision and accuracy were evaluated using
analyte recoveries from replicate buffered/dechlorinated (both NH Cl and4


Na SO ) matrices with MTBE as the extracting solvent.  The matrices studied2 3


included; fulvic acid fortified reagent water and ground water displaying a
high CaCO  content.  The results for these are presented in Tables 3A through3


6B.  These matrices were fortified using outside source analyte solutions
(except for the pesticides and herbicides) to assess accuracy and eight replicate
analyses were conducted to assess precision.


13.4 Holding time studies were conducted for buffered/dechlorinated reagent
water and tap water.  Holding studies were also conducted on MTBE sample
extracts from these two matrices.  Results indicated that analytes were stable in
these water matrices stored at 4°C.


13.5 MTBE and pentane extracts holding studies indicated the analytes were stable
for 14 days when stored in a freezer at <-10°C. 


13.6 Chromatograms of a fortified, buffered/NH Cl dechlorinated reagent water4


extract are presented as Figures 1 through 3.  In the chromatograms of
Figures 1 and 2, the elution of the method analytes from a MTBE extract can
be seen on the primary DB-1 column and the confirmation Rtx-1301 column,
respectively.  Figure 3 shows the elution of the method analytes from a
pentane extract, using a modified temperature program, on the primary DB-1
column.  Analyte numerical peak identification, retention time and fortified
concentrations are presented for information purposes only in Tables 10, 11,
and 12 for Figures 1, 2, and 3, respectively. 


Important Notice:  All demonstration data presented in Section 17 using MTBE
as the extracting solvent, was obtained using NaCl as the salt.  A recent
report  indicated elevated recoveries (via synthesis) of some brominated DBPs19


when NaCl was used in the extraction process, due to the inevitable presence
of bromide impurities in the NaCl.  This phenomenon has been confirmed by
the authors of this method in samples from chlorinated water systems that
were not extracted immediately after the NaCl was added.  Significant effects
can be seen if extraction is delayed for as little as 15 minutes after the addition
of the NaCl.  For this reason, the use of Na SO  is strongly recommended over2 4


NaCl for MTBE extraction of DBPs.  Although less method validation data
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have been obtained for the Na SO  option, sufficient data have been collected2 4


to indicate that it is equivalent or superior to NaCl in salting out the method
analytes, and has no observed negative effect on precision or accuracy.


14.0 POLLUTION PREVENTION


14.1 This method is a micro-extraction procedure which uses a minimal amount of
extraction solvent per sample.  This microextraction procedure reduces the
hazards involved with handling large volumes of potentially harmful organic
solvents needed for conventional liquid-liquid extractions.


14.2 For information about pollution prevention that may be applicable to
laboratory operations, consult "Less is Better:  Laboratory Chemical
Management for Waste Reduction", available from the American Chemical
Society's Department of Government Relations and Science Policy, 1155 16th
Street N.W., Washington, D.C.  20036.


15.0 WASTE MANAGEMENT


15.1 Due to the nature of this method, there is little need for waste management. 
No large volumes of solvents or hazardous chemicals are used.  The matrices
of concern are finished drinking water or source water.  However, the Agency
requires that laboratory waste management practices be conducted consistent
with all applicable rules and regulations, and that laboratories protect the air,
water, and land by minimizing and controlling all releases from fume hoods
and bench operations.  Also, compliance is required with any sewage
discharge permits and regulations, particularly the hazardous waste
identification rules and land disposal restrictions.  For further information on
waste management, consult "The Waste Management Manual for Laboratory
Personnel", also available from the American Chemical Society at the address
in Section 14.2.
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TABLE 1.  RETENTION TIME DATA USING MTBE


Analyte minutes minutes


Column A Column Ba


Retention Time Retention Time


b


Chloroform 7.04 7.73
1,1,1-Trichloroethane 8.64 7.99
Carbon Tetrachloride 9.94 8.36
Trichloroacetonitrile 10.39 10.35
Dichloroacetonitrile 12.01 25.21
Bromodichloromethane 12.42 15.28
Trichloroethylene 12.61 11.96
Chloral Hydrate 13.41     NRc


1,1-Dichloro-2-Propanone 14.96 20.50
1,1,2-Trichloroethane 19.91 25.01
Chloropicrin 23.10 23.69
Dibromochloromethane 23.69 26.32
Bromochloroacetonitrile 24.03 29.86
1,2-Dibromoethane (EDB) 24.56 26.46
Tetrachloroethylene 26.24 24.77
1,1,1-Trichloropropanone 27.55 28.47
Bromoform 29.17 30.36
Dibromoacetonitrile 29.42 32.77
1,2,3-Trichloropropane 30.40 31.73
1,2-Dibromo-3-chloropropane (DBCP) 35.28 36.11
Hexachlorocyclopentadiene 40.33 39.53
Trifluralin 45.17 45.43
Simazine 46.27 48.56d


Atrazine 46.55 48.56d


Hexachlorobenzene 47.39 46.47
Lindane (gamma-BHC) 47.95 49.68
Metribuzin 50.25 53.92
Bromacil 52.09 59.60
Alachlor 52.25 54.38
Cyanazine 53.43 59.89
Heptachlor 53.72 53.15
Metolachlor 55.44 57.07
Heptachlor Epoxide 58.42 59.05
Endrin 64.15 65.24
Endrin Aldehyde 65.46 71.56
Endrin Ketone 72.33 81.28
Methoxychlor 73.53 76.73


Surrogate:  36.35 36.28
Decafluorobiphenyl


Internal Standard:  Bromofluorobenzene 31.00 31.30
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Column A - 0.25 mm ID x 30 m fused silica capillary with chemically bonded methyl polysiloxanea


phase (J&W, DB-1, 1.0 µm film thickness or equivalent).  The linear velocity of the
helium carrier is established at 25 cm/sec.at 35°C.


The column oven is temperature programmed as follows:


[1] HOLD at 35°C for 22 minutes
[2] INCREASE to 145°C at 10°C/min and hold at 145°C for two minutes
[3] INCREASE to 225°C at 20°C/min and hold at 225°C for 15 minutes
[4] INCREASE to 260°C at 10°C/min and hold at 260°C for 30 minutes or until all


expected compounds have eluted.


Injector temperature: 200°C 
Detector temperature: 290°C 


Column B - 0.25 mm ID x 30 m with chemically bonded 6% cyanopropylphenyl/94% dimethylb


polysiloxane phase (Restek, Rtx-1301, 1.0 µm film thickness or equivalent).  The linear
velocity of the helium carrier gas is established at 25 cm/sec. at 35°C.


The column oven is temperature programmed exactly as indicated for Column A,
above.  The same temperature program is utilized to allow for simultaneous
confirmation analysis.


There is no retention time for this analyte since it does not separate into a discreet peak on the Rtx-1301.c


Atrazine and simazine coelute on the confirmation column.d
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TABLE 2A.  METHOD DETECTION LIMIT USING MTBE NH Cl PRESERVED REAGENT WATER4


ON PRIMARY DB-1 COLUMN


Analyte µg/L Conc. µg/L % Rec. % RSD µg/L µg/L


Fort.
Conc. Obser. Avg. MDL EDLa b c


Alachlor 0.327 0.384 117 2.13 0.025 0.500
Atrazine 0.633 0.764 121 3.56 0.082 0.324
Bromacil 0.094 0.099 105 10.05 0.030 0.055
Bromochloroacetonitrile 0.010 0.011 110 5.42 0.002 0.009
Bromodichloromethane 0.010 0.012 120 7.50 0.003 0.005
Bromoform 0.010 0.018 180 8.12 0.004 0.006
Carbon Tetrachloride 0.010 0.011 110 6.32 0.002 0.004
Chloral Hydrate 0.025 0.029 116 5.61 0.005 0.011
Chloropicrin 0.010 0.009 90 7.65 0.002 0.014
Chloroform 0.050 0.054 108 34.04 0.055 0.075
Cyanazine 0.567 0.757 134 13.93 0.316 0.685
Dibromoacetonitrile 0.010 0.016 160 12.78 0.006 0.010
Dibromochloromethane 0.010 0.011 110 4.55 0.001 0.007
1,2-Dibromo-3-Chloropropane 0.010 0.020 200 15.15 0.009 0.009
1,2-Dibromoethane 0.010 0.020 200 12.54 0.008 0.008
Dichloroacetonitrile 0.010 0.009 90 4.28 0.001 0.005
1,1-Dichloro-2-Propanone 0.010 0.011 110 6.22 0.002 0.007
Endrin 0.016 0.023 144 2.57 0.002 0.011
Endrin Aldehyde 0.022 0.023 105 2.25 0.002 0.010
Endrin Ketone 0.016 0.016 100 5.14 0.002 0.020
Heptachlor 0.047 0.062 132 43.65 0.081 0.081
Heptachlor Epoxide 0.044 0.050 114 1.64 0.002 0.030
Hexachlorobenzene 0.006 0.006 100 5.44 0.001 0.006
Hexachlorocyclopentadiene 0.019 0.019 100 31.81 0.018 0.022
Lindane (g-BHC) 0.009 0.015 167 9.89 0.004 0.016
Methoxychlor 0.063 0.057 90 4.85 0.008 0.046
Metolachlor 0.219 0.254 116 3.20 0.024 0.146
Metribuzin 0.062 0.100 161 12.45 0.037 0.037
Simazine 0.625 0.794 127 5.95 0.142 0.431
Tetrachloroethylene 0.010 0.012 120 5.04 0.002 0.004
Trichloroacetonitrile 0.010 0.010 100 5.31 0.002 0.004
1,1,1-Trichloroethane 0.010 0.013 130 12.35 0.005 0.005
1,1,2-Trichloroethane 0.140 0.124 89 3.27 0.012 0.040
Trichloroethylene 0.010 0.008 80 8.68 0.002 0.008
1,2,3-Trichloropropane 0.156 0.137 88 1.95 0.008 0.028
1,1,1-Trichloro-2-propanone 0.010 0.027 270 20.53 0.016 0.016
Trifluralin 0.022 0.026 118 3.89 0.003 0.010


Surrogate ===> Decafluorobyphenyl
10.0 10.8 108 2.38


Based upon the analysis of eight replicate MTBE sample extracts.a


MDL designates the statistically derived MDL and is calculated by multiplying the standard deviationb


of the eight replicates by the student's t-value (2.998) appropriate for a 99% confidence level and a
standard deviation estimate with n-1 degrees of freedom.
Estimated Detection Limit (EDL) -- Defined as either the MDL or a level of compound in a samplec


yielding a peak in the final extract with a signal to noise (S/N) ratio of approximately five, whichever is
greater.
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TABLE 2B.  METHOD DETECTION LIMIT USING MTBE NH Cl PRESERVED REAGENT WATER4


ON CONFIRMATION Rtx-1301 COLUMN


Analyte µg/L Conc. µg/L % Rec. % RSD µg/L µg/L


Fort.
Conc. Obser. Avg. MDL EDLa b c


Alachlor 0.109 0.107 98 1.70 0.005 0.076
Bromacil 0.094 0.134 143 11.65 0.047 0.071
Bromochloroacetonitrile 0.010 0.008 80 9.49 0.002 0.015
Bromodichloromethane 0.010 0.012 120 4.34 0.002 0.006
Bromoform 0.010 0.015 150 29.51 0.013 0.013
Carbon Tetrachloride 0.010 0.011 110 18.70 0.006 0.006
Chloropicrin 0.010 NR NR NR    NR 0.062d


Chloroform 0.010 0.059 590 2.82 0.005 0.008
Cyanazine 0.189 0.279 148 7.56 0.063 0.065
Dibromoacetonitrile 0.010 0.010 100 4.87 0.001 0.007
Dibromochloromethane 0.010 0.021 210 29.30 0.018 0.018
1,2-Dibromo-3-Chloropropane 0.010 0.020 200 9.95 0.006 0.024
1,2-Dibromoethane 0.010 0.039 390 6.44 0.007 0.007
Dichloroacetonitrile 0.010 0.010 100 4.11 0.001 0.003
1,1-Dichloro-2-Propanone 0.010 0.009 90 11.65 0.003 0.015
Endrin 0.016 0.025 156 4.09 0.003 0.015
Endrin Aldehyde 0.022 0.034 155 22.45 0.023 0.030
Endrin Ketone 0.047 0.049 104 5.49 0.008 0.047
Heptachlor 0.016 0.018 113 3.79 0.002 0.010
Heptachlor Epoxide 0.044 0.079 180 84.71 0.202 0.202
Hexachlorobenzene 0.006 0.006 100 16.47 0.003 0.011
Hexachlorocyclopentadiene 0.019 NR NR NR 0.327
Lindane (g-BHC) 0.009 0.011 122 6.09 0.002 0.009
Methoxychlor 0.188 0.221 118 3.53 0.023 0.041
Metolachlor 0.219 0.280 128 1.45 0.012 0.268
Metribuzin 0.062 0.076 123 2.17 0.005 0.013
Simazine/Atrazine 1.26 1.619 129 2.48 0.121 0.629e


Tetrachloroethylene 0.010 0.012 120 6.97 0.002 0.003
Trichloroacetonitrile 0.010 0.006 60 16.01 0.003 0.010
1,1,1-Trichloroethane 0.010 0.020 200 19.22 0.012 0.012
1,1,2-Trichloroethane 0.140 0.133 95 3.40 0.014 0.020
Trichloroethylene 0.010 0.009 90 13.77 0.004 0.007
1,2,3-Trichloropropane 0.156 0.160 103 3.11 0.015 0.114
1,1,1-Trichloro-2-Propanone 0.010 0.011 110 7.11 0.002 0.010
Trifluralin 0.022 0.024 109 3.07 0.002 0.006


Surrogate ===> Decafluorobyphenyl
10.0 10.6 106 1.78


Based upon the analysis of eight replicate MTBE sample extracts.a


MDL designates the statistically derived MDL and is calculated by multiplying the standard deviationb


of the eight replicates by the student's t-value (2.998) appropriate for a 99% confidence level and a
standard deviation estimate with n-1 degrees of freedom.
Estimated Detection Limit (EDL) -- Defined as either the MDL or a level of compound in a samplec


yielding a peak in the final extract with a signal to noise (S/N) ratio of approximately 5, whichever is
greater.  
NR indicates Not Reported since there was no peak detected for the eight replicate MDL determination. d


The concentration of atrazine and simazine were added together for this determination since these twoe


peaks coelute on the confirmation column.
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TABLE 3A.  PRECISION AND ACCURACY RESULTS USING MTBE  NH Cl PRESERVEDa
4


FORTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN


Analyte Conc., µg/L Conc., µg/L % RSD Recovery
Fortified Mean Meas. Percent


Alachlor 2.18 2.40 1.47 110
Atrazine 12.6 12.4 1.71 98
Bromacil 1.88 1.85 3.13 98
Bromochloroacetonitrile 5.00 5.69 0.71 114
Bromodichloromethane 5.00 4.94 1.14 99
Bromoform 5.00 5.07 0.72 101
Carbon Tetrachloride 5.00 5.07 1.72 101
Chloropicrin 5.00 5.32 1.38 106
Chloroform 5.00 5.10 1.30 102
Cyanazine 3.77 3.89 2.85 103
Dibromoacetonitrile 5.00 5.78 1.43 116
Dibromochloromethane 5.00 4.87 0.71 97
1,2-Dibromo-3-chloropropane 5.00 5.11 0.59 102
1,2-Dibromoethane 5.00 4.96 0.73 99
Dichloroacetonitrile 5.00 5.35 0.57 107
1,1-Dichloro-2-propanone 5.00 5.08 0.72 102
Endrin 0.31 0.337 1.40 108
Endrin Aldehyde 0.437 0.503 1.32 115
Endrin Ketone 0.310 0.319 1.52 103
Heptachlor 0.313 0.351 2.84 112
Heptachlor Epoxide 0.875 0.968 0.65 111
Hexachlorobenzene 0.124 0.137 0.89 110
Hexachlorocyclopentadiene 0.374 0.368 1.18 98
Lindane (g-BHC) 0.188 0.199 1.41 106
Methoxychlor 1.26 1.48 2.84 117
Metolachlor 4.39 4.89 0.87 111
Metribuzin 1.24 1.21 3.94 97
Simazine 12.5 13.1 2.02 105
Tetrachloroethylene 5.00 5.07 1.62 101
Trichloroacetonitrile 5.00 5.73 1.34 115
1,1,1-Trichloroethane 5.00 5.02 1.22 100
1,1,2-Trichloroethane 2.80 2.92 0.91 104
Trichloroethylene 5.00 4.87 1.48 97
1,2,3-Trichloropropane 3.12 3.08 0.62 99
1,1,1-Trichloro-2-Propanone 5.00 5.30 0.81 106
Trifluralin 0.439 0.503 1.09 115


Surrogate ===> Decafluorobyphenyl
10.0 10.4 1.93 104


Based upon the analysis of eight replicate MTBE sample extracts.a
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TABLE 3B.  PRECISION AND ACCURACY RESULTS USING MTBE  Na SOa
2 3


PRESERVED FORTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN


Analyte Conc., µg/L Conc., µg/L % RSD Recovery
Fortified Mean Meas. Percent


Bromodichloromethane 5.00 4.91 1.49 98
Bromoform 5.00 5.05 1.32 101
Carbon Tetrachloride 5.00 5.08 2.24 102
Chloral Hydrate 1.00 0.93 1.81 93
Chloroform 5.00 4.96 1.71 99
Dibromochloromethane 5.00 4.83 1.43 97
1,2-Dibromo-3-Chloropropane 5.00 5.07 1.04 101
1,2-Dibromoethane 5.00 4.90 1.02 98
Tetrachloroethylene 5.00 5.06 2.53 101
1,1,1-Trichloroethane 5.00 5.01 2.11 100
Trichloroethylene 5.00 4.81 2.21 96


Surrogate ===> 10.0 10.2 1.88 102
Decafluorobyphenyl


Based upon the analysis of eight replicate MTBE sample extracts.a
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TABLE 3C.  PRECISION AND ACCURACY RESULTS USING MTBE  NH Cl PRESERVEDa
4


FORTIFIED REAGENT WATER ON THE CONFIRMATION Rtx-1301 COLUMN


Analyte µg/L Conc., µg/L % RSD Recovery
Fortified Conc., Mean Meas. Percent


Alachlor 2.18 2.26 0.81 104
Bromacil 1.88 1.77 3.50 94
Bromochloroacetonitrile 5.00 5.59 0.86 112
Bromodichloromethane 5.00 4.92 1.02 98
Bromoform 5.00 5.04 0.73 101
Carbon Tetrachloride 5.00 4.90 1.72 98
Chloropicrin 5.00 5.24 1.20 105
Chloroform 5.00 5.05 1.20 101
Cyanazine 3.77 3.90 2.30 103
Dibromoacetonitrile 5.00 5.47 0.58 109
Dibromochloromethane 5.00 5.04 0.90 101
1,2-Dibromo-3-Chloropropane 5.00 5.12 0.54 102
1,2-Dibromoethane 5.00 5.09 1.82 102
Dichloroacetonitrile 5.00 5.30 0.55 106
1,1-Dichloro-2-Propanone 5.00 4.94 0.70 99
Endrin 0.310 0.335 2.08 108
Endrin Aldehyde 0.440 0.490 2.13 111
Endrin Ketone 0.310 0.317 1.63 102
Heptachlor 0.310 0.349 1.06 113
Heptachlor Epoxide 0.880 0.978 0.80 111
Hexachlorobenzene 0.124 0.135 0.59 109
Hexachlorocyclopentadiene 0.374 0.474 7.19 127
Lindane (g-BHC) 0.188 0.205 0.75 109
Methoxychlor 1.26 1.42 2.30 113
Metolachlor 4.39 4.57 3.43 104
Metribuzin 1.24 1.29 1.15 104
Simazine/Atrazine 25.1 30.0 1.11 119b


Tetrachloroethylene 5.00 4.93 1.65 99
Trichloroacetonitrile 5.00 5.48 1.31 110
1,1,1-Trichloroethane 5.00 4.87 1.66 97
1,1,2-Trichloroethane 2.80 2.76 1.52 98
Trichloroethylene 5.00 4.87 1.52 97
1,2,3-Trichloropropane 3.12 3.07 0.88 98
1,1,1-Trichloro-2-Propanone 5.00 4.90 0.89 98
Trifluralin 0.440 0.486 0.93 110


Surrogate ===> Decafluorobyphenyl
10.0 10.6 1.96 106


Based upon the analysis of eight replicate MTBE sample extracts.a


Simazine and atrazine coelute on the confirmation column and therefore these results were addedb


together.
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TABLE 3D.  PRECISION AND ACCURACY RESULTS USING MTBE  Na SOa
2 3


PRESERVED FORTIFIED REAGENT WATER ON THE CONFIRMATION Rtx-
1301 COLUMN


Analyte Conc., µg/L Conc., µg/L % RSD Recovery
Fortified Mean Meas. Percent


Bromodichloromethane 5.00 4.88 1.53 98
Bromoform 5.00 5.03 1.19 101
Carbon Tetrachloride 5.00 4.90 2.27 98
Chloroform 5.00 4.90 1.58 98
Dibromochloromethane 5.00 5.15 1.78 103
1,2-Dibromo-3-Chloropropane 5.00 5.07 0.94 101
1,2-Dibromoethane 5.00 5.02 0.82 100
Tetrachloroethylene 5.00 4.89 2.47 98
1,1,1-Trichloroethane 5.00 4.84 2.18 97
Trichloroethylene 5.00 4.83 2.06 97


Surrogate ===> 10.0 10.3 1.64 103
Decafluorobyphenyl


Based upon the analysis of eight replicate MTBE sample extracts.a
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TABLE 4A.  PRECISION AND ACCURACY RESULTS USING MTBE  NH Cl PRESERVEDa
4


FORTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN


Analyte Conc., µg/L Conc., µg/L % RSD Recovery
Fortified Mean Meas. Percent


Alachlor 0.436 0.515 1.84 118
Atrazine 2.520 2.994 1.95 119
Bromacil 0.376 0.376 3.32 100
Bromochloroacetonitrile 0.250 0.281 1.57 113
Bromodichloromethane 0.250 0.276 1.42 110
Bromoform 0.250 0.260 1.62 104
Carbon Tetrachloride 0.250 0.299 1.60 120
Chloropicrin 0.250 0.285 2.03 114
Chloroform 0.250 0.264 1.94 105
Cyanazine 0.754 0.761 1.97 101
Dibromoacetonitrile 0.250 0.276 1.89 110
Dibromochloromethane 0.250 0.266 1.20 106
1,2-Dibromo-3-Chloropropane 0.250 0.261 1.82 104
1,2-Dibromoethane 0.250 0.274 1.89 110
Dichloroacetonitrile 0.250 0.268 1.12 107
1,1-Dichloro-2-Propanone 0.250 0.261 0.91 105
Endrin 0.062 0.073 2.65 117
Endrin Aldehyde 0.087 0.108 1.29 123
Endrin Ketone 0.062 0.062 0.76 100
Heptachlor 0.063 0.059 10.29 93
Heptachlor Epoxide 0.175 0.206 0.90 118
Hexachlorobenzene 0.025 0.030 3.77 120
Hexachlorocyclopentadiene 0.075 0.074 3.22 99
Lindane (g-BHC) 0.038 0.047 2.74 125
Methoxychlor 0.252 0.298 3.24 118
Metolachlor 0.878 1.056 1.00 120
Metribuzin 0.248 0.264 2.15 107
Simazine 2.500 2.960 2.71 118
Tetrachloroethylene 0.250 0.263 1.93 105
Trichloroacetonitrile 0.250 0.291 1.02 116
1,1,1-Trichloroethane 0.250 0.291 3.65 116
1,1,2-Trichloroethane 0.560 0.531 0.85 95
Trichloroethylene 0.250 0.252 1.20 101
1,2,3-Trichloropropane 0.624 0.595 0.83 95
1,1,1-Trichloro-2-Propanone 0.250 0.286 3.72 114
Trifluralin 0.088 0.106 1.50 121


Surrogate ===> Decafluorobyphenyl 10.0 10.9 2.49 109


Based upon the analysis of eight replicate MTBE sample extracts.a
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TABLE 4B.  PRECISION AND ACCURACY RESULTS USING MTBE  Na SO  PRESERVEDa
2 3


FORTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN


Analyte Conc., µg/L Conc., µg/L % RSD Recovery
Fortified Mean Meas. Percent


Bromodichloromethane 0.250 0.270 1.77 108
Bromoform 0.250 0.257 2.04 103
Carbon Tetrachloride 0.250 0.287 5.18 115
Chloral Hydrate 0.250 0.258 4.12 103
Chloroform 0.250 0.248 1.88 99
Dibromochloromethane 0.250 0.261 1.36 105
1,2-Dibromo-3-Chloropropane 0.250 0.258 1.26 103
1,2-Dibromoethane 0.250 0.243 0.90 97
Tetrachloroethylene 0.250 0.256 1.95 102
1,1,1-Trichloroethane 0.250 0.276 5.72 110
Trichloroethylene 0.250 0.246 1.01 98


Surrogate ===> Decafluorobyphenyl 10.0 10.6 3.51 106


Based upon the analysis of eight replicate MTBE sample extracts.a
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TABLE 5A.  PRECISION AND ACCURACY RESULTS USING MTBE  NH Cl PRESERVEDa
4


FORTIFIED FULVIC ACID ENRICHED REAGENT WATER  ON THE PRIMARY DB-1 COLUMNb


Analyte µg/L Conc., µg/L % RSD Recovery
Fortified Conc., Mean Meas. Percent


Alachlor 2.18 2.38 1.57 109
Atrazine 12.6 11.6 2.31 92
Bromacil 1.88 1.89 3.33 101
Bromochloroacetonitrile 1.00 1.11 1.51 111
Bromodichloromethane 1.00 0.87 1.93 87
Bromoform 1.00 0.97 1.50 97
Carbon Tetrachloride 1.00 0.88 3.91 88
Chloropicrin 1.00 1.13 2.49 113
Chloroform 1.00 1.03 2.47 103
Cyanazine 3.77 4.02 3.99 107
Dibromoacetonitrile 1.00 1.14 1.61 114
Dibromochloromethane 1.00 0.89 1.78 89
1,2-Dibromo-3-chloropropane 1.00 0.93 1.37 93
1,2-Dibromoethane 1.00 0.96 1.58 96
Dichloroacetonitrile 1.00 1.05 0.98 105
1,1-Dichloro-2-propanone 1.00 1.03 0.90 103
Endrin 0.311 0.325 3.50 104
Endrin Aldehyde 0.437 0.505 1.99 116
Endrin Ketone 0.310 0.319 2.62 103
Heptachlor 0.313 0.358 5.45 114
Heptachlor Epoxide 0.875 0.978 1.28 112
Hexachlorobenzene 0.124 0.139 1.82 112
Hexachlorocyclopentadiene 0.374 0.363 3.55 97
Lindane (g-BHC) 0.188 0.206 1.79 110
Methoxychlor 1.26 1.41 4.78 112
Metolachlor 4.39 4.84 1.27 110
Metribuzin 1.24 1.30 2.08 105
Simazine 12.5 12.0 1.09 96
Tetrachloroethylene 1.00 0.90 4.02 90
Trichloroacetonitrile 1.00 1.11 2.41 111
1,1,1-Trichloroethane 1.00 0.96 3.89 96
1,1,2-Trichloroethane 2.80 2.81 2.89 100
Trichloroethylene 1.00 0.93 3.55 93
1,2,3-Trichloropropane 3.12 2.92 0.82 93
1,1,1-Trichloro-2-propanone 1.00 1.10 2.05 110
Trifluralin 0.439 0.517 1.27 118


Surrogate ===> 10.0 10.4 1.84 104
Decafluorobyphenyl


Based upon the analysis of eight replicate MTBE sample extracts.a


Reagent water fortified at 1.0 mg/L with fulvic acid extracted from Ohio River water.  Sampleb


simulated high TOC matrix.
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TABLE 5B.  PRECISION AND ACCURACY RESULTS USING MTBE  Na SOa
2 3


PRESERVED FORTIFIED FULVIC ACID ENRICHED REAGENT WATER ON
THE PRIMARY DB-1 COLUMN


Analyte µg/L Conc., µg/L % RSD Recovery


Fortified Mean
Conc., Meas. Percent


Bromodichloromethane 1.00 0.87 1.13 87
Bromoform 1.00 0.97 1.28 97
Carbon Tetrachloride 1.00 0.88 1.71 88
Chloral Hydrate 1.00 0.90 0.95 90
Chloroform 1.00 0.96 1.51 96
Dibromochloromethane 1.00 0.88 1.25 88
1,2-Dibromo-3-chloropropane 1.00 0.92 0.98 92
1,2-Dibromoethane 1.00 0.93 1.01 93
Tetrachloroethylene 1.00 0.90 2.07 90
1,1,1-Trichloroethane 1.00 0.97 1.57 97
Trichloroethylene 1.00 0.94 1.62 94


Surrogate ===> 
Decafluorobyphenyl 10.0 10.6 2.56 106


Based upon the analysis of eight replicate MTBE sample extracts.a


Reagent water fortified at 1.0 mg/L with fulvic acid extracted from Ohio Riverb


water.  Sample simulated high TOC matrix.
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TABLE 6A.  PRECISION AND ACCURACY RESULTS USING MTBE  NH Cl PRESERVEDa
4


FORTIFIED GROUND WATER  ON THE PRIMARY DB-1 COLUMNb


Analyte µg/L µg/L % RSD Recovery


Unfort. Mean Meas.
matrix Conc., 
conc., Fort. Conc., µg/L Percent


Alachlor     ND 8.72 9.01 2.93 103c


Atrazine     ND 50.4 46.7 3.30 93
Bromacil     ND 7.52 6.53 7.81 87
Bromochloroacetonitrile     ND 5.00 5.74 1.38 115
Bromodichloromethane 1.70 5.00 6.68 2.59 100
Bromoform 20.1 5.00 24.8 1.61 95
Carbon Tetrachloride     ND 5.00 4.99 6.65 100
Chloropicrin     ND 5.00 5.29 3.59 106
Chloroform 0.571 5.00 5.73 3.68 103
Cyanazine     ND 15.1 15.4 6.07 102
Dibromoacetonitrile     ND 5.00 5.84 1.59 117
Dibromochloromethane 6.00 5.00 11.1 1.89 102
1,2-Dibromo-3-Chloropropane     ND 5.00 5.04 1.64 101
1,2-Dibromoethane     ND 5.00 4.87 1.90 97
Dichloroacetonitrile     ND 5.00 5.29 1.52 106
1,1-Dichloro-2-Propanone     ND 5.00 5.01 1.30 100
Endrin     ND 1.24 1.32 4.81 106
Endrin Aldehyde     ND 1.75 1.91 2.36 109
Endrin Ketone     ND 1.24 1.22 3.77 98
Heptachlor     ND 1.25 1.33 4.46 106
Heptachlor Epoxide     ND 3.50 3.67 2.92 105
Hexachlorobenzene     ND 0.50 0.509 3.42 103
Hexachlorocyclopentadiene     ND 1.50 1.41 3.70 94
Lindane (g-BHC)     ND 0.75 0.773 1.91 103
Methoxychlor     ND 5.04 5.60 5.86 111
Metolachlor     ND 17.6 18.2 3.06 103
Metribuzin     ND 4.96 4.85 6.15 98
Simazine     ND 50.0 48.3 3.30 97
Tetrachloroethylene     ND 5.00 4.97 6.29 99
Trichloroacetonitrile     ND 5.00 5.59 4.89 112
1,1,1-Trichloroethane 1.77 5.00 6.62 4.60 97
1,1,2-Trichloroethane     ND 11.2 10.4 2.98 93
Trichloroethylene     ND 5.00 4.74 5.78 95
1,2,3-Trichloropropane 0.340 12.5 12.5 3.92 97
1,1,1-Trichloro-2-Propanone     ND 5.00 5.21 1.58 104
Trifluralin     ND 1.76 1.94 3.38 110


Surrogate ===> Decafluorobyphenyl
10.0 10.4 2.25 104


Based upon the analysis of eight replicate MTBE sample extracts.a


Chlorinated ground water from a water source displaying a hardness of 460 mg/L as CaCO . b
3


ND indicates not detected above the EDL.c







551.1-49


TABLE 6B.  PRECISION AND ACCURACY RESULTS USING MTBE  Na SOa
2 3


PRESERVED FORTIFIED GROUND WATER  ON THE PRIMARY DB-1b


COLUMN


Analyte µg/L µg/L µg/L % RSD Recovery


Unfort. Mean
matrix Fort. Meas.
conc., Conc., Conc., Percent


Bromodichloromethane 1.77 5.00 6.64 1.70 97
Bromoform 20.5 5.00 24.6 1.63 82
Carbon Tetrachloride     ND 5.00 4.99 2.72 100c


Chloral Hydrate     ND 2.00 1.84 1.38 92
Chloroform 0.600 5.00 5.22 1.89 92
Dibromochloromethane 6.16 5.00 11.0 1.53 98
1,2-Dibromo-3-Chloropropane     ND 5.00 5.01 1.19 100
1,2-Dibromoethane     ND 5.00 4.79 1.86 96
Tetrachloroethylene     ND 5.00 4.95 2.49 99
1,1,1-Trichloroethane 1.91 5.00 6.73 3.18 96
Trichloroethylene     ND 5.00 4.69 2.38 94


Surrogate ===>
Decafluorobyphenyl 10.0 10.1 8.71 101


Based upon the analysis of eight replicate MTBE sample extracts.a


Chlorinated ground water from a water source displaying a hardness of 460 mg/Lb


as CaCO . 3


ND indicates Not Detected above the detection limit.c
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TABLE 7.  LABORATORY PERFORMANCE CHECK SOLUTION


Parameter Analyte or pentane Acceptance Criteria


Conc., µg/mL
in MTBE


Instrument Lindane 0.000200 Detection of
Sensitivity (gamma-BHC) Analyte; Signal to


Noise >3


Chromatographic Hexachlorocyclopentad 0.0200 PGF between 0.80
Performance iene and 1.15a


Column Bromodichloromethane 0.0300 Resolution >0.50
Performance Trichloroethylene 0.0300


b


Bromacil 0.0830 Resolution >0.50
Alachlor 0.0830


Analyte Endrin 0.0300 %BD  <20%
Breakdown


c


PGF -- peak Gaussian factor.  Calculated using the equation:a


where: W(1/2) = the peak width at half height in seconds
W(1/10) = the peak width in seconds at 10th height


Resolution between the two peaks as defined by the equation:b


where: t = the difference in elution times between the two peaks
W = the average peak width, at the baseline, of the two peaks


%BD = Percent breakdown.  Endrin breakdown calculated using the equation.c


Note:  If laboratory EDLs differ from those listed in this method, concentrations
of the LPC standard must be adjusted to be compatible with the laboratory
EDLs.
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TABLE 8.  METHOD DETECTION LIMIT USING PENTANE NH Cl PRESERVED REAGENT4


WATER ON PRIMARY DB-1 COLUMN


Analyte µg/L µg/L % Rec. % RSD µg/L µg/L


Fort. Observ.
Conc. Conc. Avg. MDL EDL


b


c d


Alachlor 0.109 0.095 87.00 5.37 0.015 0.050a


Atrazine 0.633 0.663 105.00 5.00 0.099 0.390
Bromacil 0.094 0.058 62.00 21.44 0.037 0.330
Bromochloroacetonitrile 0.040 0.047 118.00 3.61 0.005 0.026
Bromodichloromethane 0.040 0.054 135.00 42.05 0.068 0.068
Bromoform 0.040 0.033 83.00 20.60 0.020 0.035
Carbon Tetrachloride 0.040 0.060 150.00 27.76 0.050 0.050
Chloropicrin 0.040 0.045 113.00 4.25 0.006 0.023
Chloroform 0.040 0.110 275.00 24.36 0.080 0.080
Cyanazine 0.189 0.170 90.00 13.37 0.068 0.200a


Dibromoacetonitrile 0.040 0.046 115.00 3.84 0.005 0.030
Dibromochloromethane 0.040 0.050 125.00 5.48 0.008 0.026
1,2-Dibromo-3-Chloropropane 0.040 0.053 133.00 5.39 0.009 0.017
1,2-Dibromomethane 0.040 0.053 133.00 19.85 0.032 0.032
Dichloroacetonitrile 0.040 0.037 93.00 20.09 0.022 0.042
1,1-Dichloro-2-Propanone 0.040 0.042 105.00 4.86 0.006 0.022
Endrin 0.016 0.019 119.00 4.69 0.003 0.016
Endrin Aldehyde 0.022 0.023 105.00 5.52 0.004 0.022
Endrin Ketone 0.016 0.014 88.00 9.50 0.004 0.020
Heptachlor 0.016 0.011 69.00 18.14 0.006 0.009a


Heptachlor Epoxide 0.044 0.045 102.00 5.02 0.007 0.016
Hexachlorobenzene 0.0062 0.008 129.00 9.56 0.002 0.002
Hexachloropentadiene 0.040 0.022 55.00 24.42 0.016 0.016
Lindane (g-BHC) 0.0094 0.006 64.00 91.20 0.017 0.017
Methoxychlor 0.063 0.069 110.00 12.76 0.026 0.066
Metolachlor 0.219 0.267 122.00 10.35 0.083 0.172
Metribuzin 0.062 0.076 123.00 18.15 0.041 0.041
Simazine 0.625 0.662 106.00 9.42 0.187 0.420
Tetrachloroethylene 0.040 0.052 130.00 5.33 0.008 0.016
Trichloroacetonitrile 0.040 0.048 120.00 2.79 0.004 0.014
1,1,1-Trichloroethane 0.040 0.058 145.00 4.26 0.007 0.017
1,1,2-Trichloroethane 0.140 0.141 101.00 4.01 0.017 0.052
Trichloroethylene 0.040 0.064 160.00 21.80 0.042 0.042
1,2,3-Trichloropropane 0.156 0.151 97.00 3.54 0.016 0.116
1,1,1-Trichloro-2-Propanone 0.040 0.045 113.00 3.65 0.005 0.024
Trifluralin 0.040 0.021 53.00 19.28 0.012 0.012


Surrogate ===> Decafluorobyphenyl
10.0 11.2 112.00 3.98


Quantitated from confirmation column due to baseline interference on primary column.a


Based upon the analysis of eight replicate pentane sample extracts. b


MDL designates the statistically derived MDL and is calculated by multiplying the standard deviationc


of the eight replicates by the student's t-value (2.998) appropriate for a 99% confidence level and a
standard deviation estimate with n-1 degrees of freedom.
Estimated Detection Limit (EDL) -- Defined as either the MDL or a level of compound in a sampled


yielding a peak in the final extract with a signal to noise (S/N) ratio of approximately 5, whichever is
greater.  
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TABLE 9.  PRECISION AND ACCURACY RESULTS  USING PENTANE NH Cl PRESERVEDa
4


FORTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN


Analyte µg/L % RSD Recovery


Fortified Mean Meas.
Conc., Conc., µg/L Percent


Alachlor 2.18 1.98 5.09 91b


Atrazine 12.6 12.0 3.09 95
Bromacil 1.88 1.74 2.95 93
Bromochloroacetonitrile 5.00 4.63 3.18 93
Bromodichloromethane 5.00 4.46 4.07 89
Bromoform 5.00 4.81 2.76 96
Carbon Tetrachloride 5.00 4.61 4.14 92
Chloropicrin 5.00 4.51 2.46 90
Chloroform 5.00 4.95 2.90 99
Cyanazine 3.77 4.00 2.59 106b


Dibromoacetonitrile 5.00 4.80 2.87 96
Dibromochloromethane 5.00 4.23 3.38 85
1,2-Dibromo-3-Chloropropane 5.00 4.73 3.00 95
1,2-Dibromoethane 5.00 4.69 2.54 94
Dichloroacetonitrile 5.00 4.73 3.39 95
1,1-Dichloro-2-Propanone 5.00 4.78 3.04 96
Endrin 0.311 0.312 2.61 100
Endrin Aldehyde 0.437 0.443 2.29 101
Endrin Ketone 0.310 0.311 2.10 100
Heptachlor Epoxide 0.875 0.866 2.11 99
Heptachlor 0.313 0.30 3.47 97b


Hexachlorobenzene 0.124 0.123 2.51 99
Hexachlorocyclopentadiene 0.374 0.384 3.30 103
Lindane (g-BHC) 0.188 0.176 10.23 94
Methoxychlor 1.26 1.28 3.03 102
Metolachlor 4.39 4.42 2.36 101
Metribuzin 1.24 1.34 2.13 108
Simazine 12.5 12.5 2.20 100
Tetrachloroethylene 5.00 4.46 3.67 89
Trichloroacetonitrile 5.00 5.07 4.02 101
1,1,1-Trichloroethane 5.00 4.70 3.39 94
1,1,2-Trichloroethane 2.80 2.62 2.03 93
Trichloroethylene 5.00 4.84 2.98 97
1,2,3-Trichloropropane 3.12 3.13 1.76 100
1,1,1-Trichloro-2-Propanone 5.00 4.88 2.80 98
Trifluralin 0.439 0.446 2.74 102


Surrogate===> Decafluorobyphenyl 10.0 10.7 1.88 107


Based upon the analysis of eight replicate pentane sample extracts. a


Quantitated from confirmation column due to baseline interference on primary column.b
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TABLE 10.  ANALYTE PEAK IDENTIFICATION, RETENTION TIMES,
CONCENTRATIONS AND CONDITIONS USING MTBE FOR FIGURE 1 NH Cl4


PRESERVED FORTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN


Peak # Analyte minutes µg/L


Retention
Time Conc.a


1 Chloroform 7.04 5.00
2 1,1,1-Trichloroethane 8.64 5.00
3 Carbon Tetrachloride 9.94 5.00
4 Trichloroacetonitrile 10.39 5.00
5 Dichloroacetonitrile 12.01 5.00
6 Bromodichloromethane 12.42 5.00
7 Trichloroethylene 12.61 5.00
8 Chloral Hydrate 13.41 5.00
9 1,1-Dichloro-2-Propanone 14.96 5.00
10 1,1,2-Trichloroethane 19.91 44.8
11 Chloropicrin 23.10 5.00
12 Dibromochloromethane 23.69 5.00
13 Bromochloroacetonitrile 24.03 5.00
14 1,2-Dibromoethane (EDB) 24.56 5.00
15 Tetrachloroethylene 26.24 5.00
16 1,1,1-Trichloropropanone 27.55 5.00
17 Bromoform 29.17 5.00
18 Dibromoacetonitrile 29.42 5.00
19 1,2,3-Trichloropropane 30.40 50.0
20 1,2-Dibromo-3-Chloropropane (DBCP) 35.28 5.00
21 Surrogate:  Decafluorobiphenyl 36.35 10.0
22 Hexachlorocyclopentadiene 40.33 28.0
23 Trifluralin 45.17 7.04
24 Simazine 46.27 200
25 Atrazine 46.55 200
26 Hexachlorobenzene 47.39 1.98
27 Lindane (gamma-BHC) 47.95 30.1
28 Metribuzin 50.25 19.9
29 Bromacil 52.09 30.1
30 Alachlor 52.25 34.9
31 Cyanazine 53.43 60.4
32 Heptachlor 53.72 5.00
33 Metolachlor 55.44 70.0
34 Heptachlor Epoxide 58.42 14.0







TABLE 10.  ANALYTE PEAK IDENTIFICATION, RETENTION TIMES,
CONCENTRATIONS AND CONDITIONS USING MTBE FOR FIGURE 1 NH Cl4


PRESERVED FORTIFIED REAGENT WATER ON THE PRIMARY DB-1 COLUMN


Peak # Analyte minutes µg/L


Retention
Time Conc.a
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35 Endrin 64.15 5.00
36 Endrin Aldehyde 65.46 7.00
37 Endrin Ketone 72.33 4.96
38 Methoxychlor 73.53 20.1


Note:  Bromofluorobenzene (ret. time 31.00 minutes) as the internal standard was not
included in this chromatogram.


Column A - 0.25 mm ID x 30 m fused silica capillary with chemically bondeda


methyl polysiloxane phase (J&W, DB-1, 1.0 µm film thickness or
equivalent).  The linear velocity of the helium carrier is established at
25 cm/sec. at 35°C.  


The column oven is temperature programmed as follows:


[1] HOLD at 35°C for 22 minutes
[2] INCREASE to 145°C at 10°C/mi. and hold at 145°C for two


minutes.
[3] INCREASE to 225°C at 20°C/min and hold at 225°C for 15 minutes.
[4] INCREASE to 260°C at 10°C/min and hold at 260°C for 30 minutes


or until all expected compounds have eluted.
Injector temperature: 200°C 
Detector temperature: 290°C 
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Figure 1. Fortified reagent water extract using MTBE on primary DB-1 column
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TABLE 11.  ANALYTE PEAK IDENTIFICATION, RETENTION TIMES,
CONCENTRATIONS AND CONDITIONS USING MTBE FOR FIGURE 2


NH Cl PRESERVED FORTIFIED REAGENT WATER ON THE4


CONFIRMATION Rtx-1301


Peak # Analyte minutes µg/L


Retention
Time Conc.a


1 Chloroform 7.73 5.00
2 1,1,1-Trichloroethane 7.99 5.00
3 Carbon Tetrachloride 8.36 5.00
4 Trichloroacetonitrile 10.35 5.00
5 Trichloroethylene 11.96 5.00
6 Bromodichloromethane 15.28 5.00
7 1,1-Dichloro-2-Propanone 20.50 5.00
8 Chloropicrin 23.69 5.00
9 Tetrachloroethylene 24.77 5.00
10 1,1,2-Trichloroethane 25.01 44.8
11 Dichloroacetonitrile 25.21 5.00
12 Dibromochloromethane 26.32 5.00
13 1,2-Dibromoethane (EDB) 26.46 5.00
14 1,1,1-Trichloropropanone 28.47 5.00
15 Bromochloroacetonitrile 29.86 5.00
16 Bromoform 30.36 5.00
17 1,2,3-Trichloropropane 31.73 50.0
18 Dibromoacetonitrile 32.77 5.00
19 1,2-Dibromo-3-chloropropane (DBCP) 36.11 5.00
20 Surrogate:  Decafluorobiphenyl 36.28 10.0
21 Hexachlorocyclopentadiene 39.53 28.0
22 Trifluralin 45.43 7.04
23 Hexachlorobenzene 46.47 1.98
24 Atrazine/Simazine 48.56 400
25 Lindane (gamma-BHC) 49.68 30.1
26 Heptachlor 53.15 5.00
27 Metribuzin 53.92 19.9
28 Alachlor 54.38 34.9
29 Metolachlor 57.07 70.0
30 Heptachlor Epoxide 59.05 14.0
31 Bromacil 59.60 30.1
32 Cyanazine 59.89 60.4
33 Endrin 65.24 5.00
34 Endrin Aldehyde 71.56 7.00







TABLE 11.  ANALYTE PEAK IDENTIFICATION, RETENTION TIMES,
CONCENTRATIONS AND CONDITIONS USING MTBE FOR FIGURE 2


NH Cl PRESERVED FORTIFIED REAGENT WATER ON THE4


CONFIRMATION Rtx-1301


Peak # Analyte minutes µg/L


Retention
Time Conc.a
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35 Methoxychlor 76.73 20.1
36 Endrin Ketone 81.28 4.96


Note:  Bromofluorobenzene (ret. time 31.30 min.) as the internal standard was not
included in this chromatogram.


Column B - 0.25 mm ID x 30 m with chemically bonded 6%a


cyanopropylphenyl/ 94% dimethyl polysiloxane phase (Restek, Rtx-
1301, 1.0 µm film thickness or equivalent).  The linear velocity of
the helium carrier gas is established at 25 cm/sec. at 35°C.


The column oven is temperature programmed as follows:


[1] HOLD at 35°C for 22 minutes
[2] INCREASE to 145°C at 10°C/min. and hold at 145°C for two


minutes
[3] INCREASE to 225°C at 20°C/min. and hold at 225°C for 15 minutes
[4] INCREASE to 260°C at 10°C/min. and hold at 260°C for 30 minutes


or until all expected compounds have eluted.


Injector temperature: 200°C 
Detector temperature: 290°C 
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Figure 2. Fortified reagent water extract using MTBE on confirmation Rtx-1301
column
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TABLE 12.  ANALYTE PEAK IDENTIFICATION, RETENTION TIMES,
CONCENTRATIONS AND CONDITIONS USING PENTANE FOR FIGURE 3


NH Cl PRESERVED FORTIFIED REAGENT WATER ON THE PRIMARY4


DB-1 COLUMN


Peak # Analyte minutes µg/L


Retention
Time Conc.a


1 Chloroform 8.41 5.00
2 1,1,1-Trichloroethane 10.26 5.00
3 Carbon Tetrachloride 11.56 5.00
4 Trichloroacetonitrile 12.03 5.00
5 Dichloroacetonitrile 13.53 5.00
6 Bromodichloromethane 13.73 5.00
7 Trichloroethylene 13.89 5.00
8 1,1-Dichloro-2-Propanone 15.60 5.00
9 1,1,2-Trichloroethane 18.57 44.8
10 Chloropicrin 20.49 5.00
11 Dibromochloromethane 21.03 5.00
12 Bromochloroacetonitrile 21.25 5.00
13 1,2-Dibromoethane (EDB) 22.03 5.00
14 Tetrachloroethylene 24.75 5.00
15 1,1,1-Trichloropropanone 27.94 5.00
16 Bromoform 30.97 5.00
17 Dibromoacetonitrile 31.45 5.00
18 1,2,3-Trichloropropane 32.82 50.0
19 Internal Standard:  Bromofluorobenzene 33.60 1.00 µg/mL


in pentane
extract


20 1,2-Dibromo-3-Chloropropane (DBCP) 38.34 5.00
21 Surrogate:  Decafluorobiphenyl 39.48 10.0
22 Hexachlorocyclopentadiene 43.92 28.0
23 Trifluralin 49.04 7.04
24 Simazine 50.08 200
25 Atrazine 50.37 200
26 Hexachlorobenzene 51.11 1.98
27 Lindane (gamma-BHC) 51.66 30.1
28 Metribuzin 53.95 19.9
29 Bromacil 55.72 30.1
30 Alachlor 55.87 34.9
31 Cyanazine 57.04 60.4
32 Heptachlor 57.21 5.00
33 Metolachlor 59.13 70.0
34 Heptachlor Epoxide 62.50 14.0
35 Endrin 68.00 5.00
36 Endrin Aldehyde 69.25 7.00







TABLE 12.  ANALYTE PEAK IDENTIFICATION, RETENTION TIMES,
CONCENTRATIONS AND CONDITIONS USING PENTANE FOR FIGURE 3


NH Cl PRESERVED FORTIFIED REAGENT WATER ON THE PRIMARY4


DB-1 COLUMN


Peak # Analyte minutes µg/L


Retention
Time Conc.a
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37 Endrin Ketone 75.74 4.96
38 Methoxychlor 76.98 20.1


Column A - 0.25 mm ID x 30 m fused silica capillary with chemically bondeda


methyl polysiloxane phase (J&W, DB-1, 1.0 µm film thickness or
equivalent).  The linear velocity of the helium carrier is established
at 25 cm/sec. at 35°C.  


The column oven is temperature programmed as follows:


[1] HOLD at 15°C for 0 minutes
[2] INCREASE to 50°C at 2°C/min. and hold at 50°C for 10 minutes
[3] INCREASE to 225°C at 10°C/min. and hold at 225°C for 15 minutes
[4] INCREASE to 260°C at 10°C/min. and hold at 260°C for 30 minutes


or until all expected compounds have eluted.


Injector temperature: 200°C 
Detector temperature: 290°C 







551.1-61


Figure 3. Fortified reagent water extract using pentane on primary DB-1 column
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4500-H+        PH VALUE*#(1)


4500-H+ A.        Introduction


1.  Principles
 Measurement of pH is one of the most important and frequently used tests in water


chemistry. Practically every phase of water supply and wastewater treatment, e.g., acid-base
neutralization, water softening, precipitation, coagulation, disinfection, and corrosion control, is
pH-dependent. pH is used in alkalinity and carbon dioxide measurements and many other
acid-base equilibria. At a given temperature the intensity of the acidic or basic character of a
solution is indicated by pH or hydrogen ion activity. Alkalinity and acidity are the acid- and
base-neutralizing capacities of a water and usually are expressed as milligrams CaCO3 per liter.


Buffer capacity is the amount of strong acid or base, usually expressed in moles per liter, needed
to change the pH value of a 1-L sample by 1 unit. pH as defined by Sorenson1 is −log [H+]; it is
the ‘‘intensity’’ factor of acidity. Pure water is very slightly ionized and at equilibrium the ion
product is 


[H+][OH–] = Kw                                     (1)


    = 1.01 × 10–14 at 25°C


and 


[H+] = [OH–] 
                  = 1.005 × 10–7 


where: 


            [H+] =   activity of hydrogen ions, moles/L, 
          [OH–] =   activity of hydroxyl ions, moles/L, and 
                Kw =   ion product of water. 


Because of ionic interactions in all but very dilute solutions, it is necessary to use the
‘‘activity’’ of an ion and not its molar concentration. Use of the term pH assumes that the activity
of the hydrogen ion, aH


+, is being considered. The approximate equivalence to molarity, [H+]


can be presumed only in very dilute solutions (ionic strength <0.1). 
A logarithmic scale is convenient for expressing a wide range of ionic activities. Equation 1


in logarithmic form and corrected to reflect activity is: 
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                 (−log10 aH+) + (−log10 aOH−) = 14                 (2) 


or 


pH + pOH = pKw 


where: 
      pH†#(2) =   log10 aH+ and 


            pOH =   log10 aOH−. 


Equation 2 states that as pH increases pOH decreases correspondingly and vice versa because
pKw is constant for a given temperature. At 25°C, pH 7.0 is neutral, the activities of the hydrogen


and hydroxyl ions are equal, and each corresponds to an approximate activity of 10–7 moles/L.
The neutral point is temperature-dependent and is pH 7.5 at 0°C and pH 6.5 at 60°C. 


The pH value of a highly dilute solution is approximately the same as the negative common
logarithm of the hydrogen ion concentration. Natural waters usually have pH values in the range
of 4 to 9, and most are slightly basic because of the presence of bicarbonates and carbonates of
the alkali and alkaline earth metals. 


2.  Reference
         1.    SORENSON, S. 1909. Uber die Messung und die Bedeutung der Wasserstoff ionen


Konzentration bei Enzymatischen Prozessen. Biochem. Z. 21:131.


4500-H+ B.        Electrometric Method


1.  General Discussion
a. Principle: The basic principle of electrometric pH measurement is determination of the


activ ity of the hydrogen ions by potentiometric measurement using a standard hydrogen
electrode and a reference electrode. The hydrogen electrode consists of a platinum electrode
across which hydrogen gas is bubbled at a pressure of 101 kPa. Because of difficulty in its use
and the potential for poisoning the hydrogen electrode, the glass electrode commonly is used.
The electromotive force (emf) produced in the glass electrode system varies linearly with pH.
This linear relationship is described by plotting the measured emf against the pH of different
buffers. Sample pH is determined by extrapolation.


 Because single ion activities such as aH
+ cannot be measured, pH is defined operationally on


a potentiometric scale. The pH measuring instrument is calibrated potentiometrically with an
indicating (glass) electrode and a reference electrode using National Institute of Standards and
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Technology (NIST) buffers having assigned values so that: 


pHB = − log10aH+ 


where: 
            pHB =   assigned pH of NIST buffer. 


The operational pH scale is used to measure sample pH and is defined as: 


where: 
              pHx =   potentiometrically measured sample pH, 


                  F =   Faraday: 9.649 × 104 coulomb/mole, 
                Ex =   sample emf, V, 


                Es =   buffer emf, V, 


                  R =   gas constant; 8.314 joule/(mole °K), and 
                  T =   absolute temperature, °K. 


NOTE: Although the equation for pHx appears in the literature with a plus sign, the sign of emf


readings in millivolts for most pH meters manufactured in the U.S. is negative. The choice of
negative sign is consistent with the IUPAC Stockholm convention concerning the sign of
electrode potential.1,2 


The activity scale gives values that are higher than those on Sorenson’s scale by 0.04 units: 


pH (activity) = pH (Sorenson) + 0.04 


The equation for pHx assumes that the emf of the cells containing the sample and buffer is due


solely to hydrogen ion activity unaffected by sample composition. In practice, samples will have
varying ionic species and ionic strengths, both affecting H+ activity. This imposes an
experimental limitation on pH measurement;  thus, to obtain meaningful results, the differences
between Ex and Es should be minimal. Samples must be dilute aqueous solutions of simple


solutes (<0.2M). (Choose buffers to bracket the sample.) Determination of pH cannot be made
accurately in nonaqueous media, suspensions, colloids, or high-ionic-strength solutions. 


b. Interferences: The glass electrode is relatively free from interference from color, turbidity,
colloidal matter, oxidants, reductants, or high salinity, except for a sodium error at pH > 10.
Reduce this error by using special ‘‘low sodium error’’ electrodes.
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 pH measurements are affected by temperature in two ways: mechanical effects that are
caused by changes in the properties of the electrodes and chemical effects caused by equilibrium
changes. In the first instance, the Nernstian slope increases with increasing temperature and
electrodes take time to achieve thermal equilibrium. This can cause long-term drift in pH.
Because chemical equilibrium affects pH, standard pH buffers have a specified pH at indicated
temperatures. 


Always report temperature at which pH is measured. 


2.  Apparatus
a. pH meter consisting of potentiometer, a glass electrode, a reference electrode, and a


temperature-compensating device. A circuit is completed through the potentiometer when the
electrodes are immersed in the test solution. Many pH meters are capable of reading pH or
millivolts and some have scale expansion that permits reading to 0. 001 pH unit, but most
instruments are not that precise.


 For routine work use a pH meter accurate and reproducible to 0.1 pH unit with a range of 0
to 14 and equipped with a temperature-compensation adjustment. 


Although manufacturers provide operating instructions, the use of different descriptive terms
may be confusing. For most instruments, there are two controls: intercept (set buffer, asymmetry,
standardize) and slope (temperature, offset); their functions are shown diagramatically in Figure
4500-H+:1 and  Figure 4500-H+:2. The intercept control shifts the response curve laterally to
pass through the isopotential point with no change in slope. This permits bringing the instrument
on scale (0 mV) with a pH 7 buffer that has no change in potential with temperature. 


The slope control rotates the emf/pH slope about the isopotential point (0 mV/pH 7). To
adjust slope for temperature without disturbing the intercept, select a buffer that brackets the
sample with pH 7 buffer and adjust slope control to pH of this buffer. The instrument will
indicate correct millivolt change per unit pH at the test temperature. 


b. Reference electrode consisting of a half cell that provides a constant electrode potential.
Commonly used are calomel and silver: silver-chloride electrodes. Either is available with
several types of liquid junctions.


 The liquid junction of the reference electrode is critical because at this point the electrode
forms a salt bridge with the sample or buffer and a liquid junction potential is generated that in
turn affects the potential produced by the reference electrode. Reference electrode junctions may
be annular ceramic, quartz, or asbestos fiber, or the sleeve type. The quartz type is most widely
used. The asbestos fiber type is not recommended for strongly basic solutions. Follow the
manufacturer’s recommendation on use and care of the reference electrode. 


Refill nonsealed electrodes with the correct electrolyte to proper level and make sure junction
is properly wetted. 


c. Glass electrode: The sensor electrode is a bulb of special glass containing a fixed
concentration of HCl or a buffered chloride solution in contact with an internal reference
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electrode. Upon immersion of a new electrode in a solution the outer bulb surface becomes
hydrated and exchanges sodium ions for hydrogen ions to build up a surface layer of hydrogen
ions. This, together with the repulsion of anions by fixed, negatively charged silicate sites,
produces at the glass-solution interface a potential that is a function of hydrogen ion activity in
solution.


 Several types of glass electrodes are available. Combination electrodes incorporate the glass
and reference electrodes into a single probe. Use a ‘‘low sodium error’’ electrode that can operate
at high temperatures for measuring pH over 10 because standard glass electrodes yield
erroneously low values. For measuring pH below 1 standard glass electrodes yield erroneously
high values; use liquid membrane electrodes instead. 


d. Beakers: Preferably use polyethylene or TFE*#(3) beakers. 


e. Stirrer: Use either a magnetic, TFE-coated stirring bar or a mechanical stirrer with inert
plastic-coated impeller.


f. Flow chamber: Use for continuous flow measurements or for poorly buffered solutions.


3.  Reagents
a. General preparation: Calibrate the electrode system against standard buffer solutions of


known pH. Because buffer solutions may deteriorate as a result of mold growth or contamination,
prepare fresh as needed for accurate work by weighing the amounts of chemicals specified in
Table 4500-H+:I, dissolving in distilled water at 25°C, and diluting to 1000 mL. This is
particularly important for borate and carbonate buffers. 


Boil and cool distilled water having a conductivity of less than 2 µmhos/cm. To 50 mL add 1
drop of saturated KCl solution suitable for reference electrode use. If the pH of this test solution
is between 6.0 and 7.0, use it to prepare all standard solutions. 


Dry KH2PO4 at 110 to 130°C for 2 h before weighing but do not heat unstable hydrated


potassium tetroxalate above 60°C nor dry the other specified buffer salts. 
Although ACS-grade chemicals generally are satisfactory for preparing buffer solutions, use


certified materials available from the National Institute of Standards and Technology when the
greatest accuracy is required. For routine analysis, use commercially available buffer tablets,
powders, or solutions of tested quality. In preparing buffer solutions from solid salts, insure
complete solution. 


As a rule, select and prepare buffer solutions classed as primary standards in Table
4500-H+:I; reserve secondary standards for extreme situations encountered in wastewater
measurements. Consult Table 4500-H+:II for accepted pH of standard buffer solutions at
temperatures other than 25°C. In routine use, store buffer solutions and samples in polyethylene
bottles. Replace buffer solutions every 4 weeks. 


b. Saturated potassium hydrogen tartrate solution: Shake vigorously an excess (5 to 10 g) of
finely crystalline KHC4H4O6 with 100 to 300 mL distilled water at 25°C in a glass-stoppered


bottle. Separate clear solution from undissolved material by decantation or filtration. Preserve for
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2 months or more by adding one thymol crystal (8 mm diam) per 200 mL solution.


c. Saturated calcium hydroxide solution: Calcine a well-washed, low-alkali grade CaCO3 in a


platinum dish by igniting for 1 h at 1000°C. Cool, hydrate by slowly adding distilled water with
stirring, and heat to boiling. Cool, filter, and collect solid Ca(OH)2 on a fritted glass filter of


medium porosity. Dry at 110°C, cool, and pulverize to uniformly fine granules. Vigorously shake
an excess of fine granules with distilled water in a stoppered polyethylene bottle. Let temperature
come to 25°C after mixing. Filter supernatant under suction through a sintered glass filter of
medium porosity and use filtrate as the buffer solution. Discard buffer solution when atmospheric
CO2 causes turbidity to appear.


d. Auxiliary solutions: 0.1N NaOH, 0.1N HCl, 5N HCl (dilute five volumes 6N HCl with one
volume distilled water), and acid potassium fluoride solution (dissolve 2 g KF in 2 mL conc
H2SO4 and dilute to 100 mL with distilled water).


4.  Procedure
a. Instrument calibration: In each case follow manufacturer’s instructions for pH meter and


for storage and preparation of electrodes for use. Recommended solutions for short-term storage
of electrodes vary with type of electrode and manufacturer, but generally have a conductivity
greater than 4000 µmhos/cm. Tap water is a better substitute than distilled water, but pH 4 buffer
is best for the single glass electrode and saturated KCl is preferred for a calomel and Ag/AgCl
reference electrode. Saturated KCl is the preferred solution for a combination electrode. Keep
electrodes wet by returning them to storage solution whenever pH meter is not in use.


 Before use, remove electrodes from storage solution, rinse, blot dry with a soft tissue, place
in initial buffer solution, and set the isopotential point (¶ 2a above). Select a second buffer within
2 pH units of sample pH and bring sample and buffer to same temperature, which may be the
room temperature, a fixed temperature such as 25°C, or the temperature of a fresh sample.
Remove electrodes from first buffer, rinse thoroughly with distilled water, blot dry, and immerse
in second buffer. Record temperature of measurement and adjust temperature dial on meter so
that meter indicates pH value of buffer at test temperature (this is a slope adjustment). 


Use the pH value listed in the tables for the buffer used at the test temperature. Remove
electrodes from second buffer, rinse thoroughly with distilled water and dry electrodes as
indicated above. Immerse in a third buffer below pH 10, approximately 3 pH units different from
the second; the reading should be within 0.1 unit for the pH of the third buffer. If the meter
response shows a difference greater than 0.1 pH unit from expected value, look for trouble with
the electrodes or potentiometer (see ¶ 5a and  ¶ 5b below). 


The purpose of standardization is to adjust the response of the glass electrode to the
instrument. When only occasional pH measurements are made standardize instrument before
each measurement. When frequent measurements are made and the instrument is stable,
standardize less frequently. If sample pH values vary widely, standardize for each sample with a
buffer having a pH within 1 to 2 pH units of the sample. 
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b. Sample analysis: Establish equilibrium between electrodes and sample by stirring sample
to insure homogeneity; stir gently to minimize carbon dioxide entrainment. For buffered samples
or those of high ionic strength, condition electrodes after cleaning by dipping them into sample
for 1 min. Blot dry, immerse in a fresh portion of the same sample, and read pH.


 With dilute, poorly buffered solutions, equilibrate electrodes by immersing in three or four
successive portions of sample. Take a fresh sample to measure pH. 


5.  Trouble Shooting
a. Potentiometer: To locate trouble source disconnect electrodes and, using a short-circuit


strap, connect reference electrode terminal to glass electrode terminal. Observe change in pH
when instrument calibration knob is adjusted. If potentiometer is operating properly, it will
respond rapidly and evenly to changes in calibration over a wide scale range. A faulty
potentiometer will fail to respond, will react erratically, or will show a drift upon adjustment.
Switch to the millivolt scale on which the meter should read zero. If inexperienced, do not
attempt potentiometer repair other than maintenance as described in instrument manual.


b. Electrodes: If potentiometer is functioning properly, look for the instrument fault in the
electrode pair. Substitute one electrode at a time and cross-check with two buffers that are about
4 pH units apart. A deviation greater than 0.1 pH unit indicates a faulty electrode. Glass
electrodes fail because of scratches, deterioration, or accumulation of debris on the glass surface.
Rejuvenate electrode by alternately immersing it three times each in 0.1N HCl and 0.1N NaOH.
If this fails, immerse tip in KF solution for 30 s. After rejuvenation, soak in pH 7.0 buffer
overnight. Rinse and store in pH 7.0 buffer. Rinse again with distilled water before use. Protein
coatings can be removed by soaking glass electrodes in a 10% pepsin solution adjusted to pH 1 to
2.


 To check reference electrode, oppose the emf of a questionable reference electrode against
another one of the same type that is known to be good. Using an adapter, plug good reference
electrode into glass electrode jack of potentiometer; then plug questioned electrode into reference
electrode jack. Set meter to read millivolts and take readings with both electrodes immersed in
the same electrolyte (KCl) solution and then in the same buffer solution. The millivolt readings
should be 0 ± 5 mV for both solutions. If different electrodes are used, i.e., silver: silver-chloride
against calomel or vice versa, the reading will be 44 ± 5 mV for a good reference electrode. 


Reference electrode troubles generally are traceable to a clogged junction. Interruption of the
continuous trickle of electrolyte through the junction causes increase in response time and drift in
reading. Clear a clogged junction by applying suction to the tip or by boiling tip in distilled water
until the electrolyte flows freely when suction is applied to tip or pressure is applied to the fill
hole. Replaceable junctions are available commercially. 


6.  Precision and Bias
 By careful use of a laboratory pH meter with good electrodes, a precision of ±0.02 pH unit


and an accuracy of ±0.05 pH unit can be achieved. However, ±0.1 pH unit represents the limit of
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accuracy under normal conditions, especially for measurement of water and poorly buffered
solutions. For this reason, report pH values to the nearest 0.1 pH unit. A synthetic sample of a
Clark and Lubs buffer solution of pH 7.3 was analyzed electrometrically by 30 laboratories with
a standard deviation of ±0.13 pH unit. 
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Endnotes
1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1996.
2 (Popup - Footnote)
† p designates −log10 of a number.


3 (Popup - Footnote)
* Teflon or equivalent.








Chlorine, Free, 8021


How to use instrument-specific information
The Instrument-specific information table displays requirements that may vary between 
instruments. To use this table, select an instrument then read across to find the corresponding 
information required to perform this test.


Chlorine, Free DOC316.53.01023


USEPA DPD Method1


1 Adapted from Standard Methods for the Examination of Water and Wastewater.


Method 8021
(0.02 to 2.00 mg/L) Powder Pillows or AccuVac® Ampuls
Scope and Application: For testing free chlorine (hypochlorous acid and hypochlorite ion) in water, treated 
waters, estuary and seawater. USEPA accepted for reporting for drinking water analyses.2


2 Procedure is equivalent to USEPA and Standard Method 4500-Cl G for drinking water.


Test preparation


Table 102 Instrument-specific information


Instrument
Powder pillows AccuVac Ampuls


Sample cell Cell orientation Sample cell Adapter


DR 6000 2495402 Fill line faces right 2427606 —


DR 5000 2495402 Fill line faces user 2427606 —


DR 3900 2495402 Fill line faces user 2427606 LZV846 (A)


DR 3800, DR 2800, DR 2700 2495402 Fill line faces right 2122800 LZV584 (C)


Before starting the test:


If the test over-ranges, dilute the sample with a known volume of high quality, chlorine demand-free water and repeat the 
test. Some loss of chlorine may occur due to the dilution. Multiply the result by the dilution factor. Alternatively, samples with 
high chlorine concentrations may be analyzed directly without dilution by using Method 10069, Chlorine, Free HR, or Method 
10245, Chlorine Free MR .


The SwifTest Dispenser for Free Chlorine can be used in place of the powder pillow in step 4.


Analyze samples immediately. Do not preserve for later analysis.


The sample cell shown is a generic representation. Refer to Instrument-specific information for the correct sample cell and 
adapter configuration.


An empty AccuVac ampule can be used as a blank in place of the sample cell in Step 2.


Do not use the same sample cells for free and total chlorine. If trace iodide from the total chlorine reagent is carried over into 
the free chlorine determination, monochloramine will interfere. It is best to use separate, dedicated sample cells for free and 
total chlorine determinations.

Chlorine, Free
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Collect the following items:


Description Quantity


Powder Pillow Test:


DPD Free Chlorine Reagent Powder Pillows, 10-mL 1


Sample Cells (see Instrument-specific information) 2


AccuVac Test:


DPD Free Chlorine Reagent AccuVac® Ampuls 1


Beaker, 50-mL 1


Sample Cell (see Instrument-specific information) 1


See Consumables and replacement items for reorder information.


Powder pillow procedure


1. Select the test.
Insert an adapter if 
required (see Instrument-
specific information).
Refer to the user manual 
for orientation.


2. Blank Preparation: 
Fill a sample cell with 
10 mL of sample.


3. Wipe the blank and 
insert it into the cell holder.
ZERO the instrument.
The display will show: 
0.00 mg/L Cl2


4. Prepared Sample:
Fill a second cell with 
10 mL of sample.  
Add the contents of one 
DPD Free Chlorine 
Powder Pillow to the 
sample cell. 


5. Swirl the sample cell 
for 20 seconds to mix. 
A pink color will develop if 
chlorine is present. 
Proceed to step 6 
immediately.


6. Within one minute of 
adding the reagent, insert 
the prepared sample into 
the cell holder.
Results are in mg/L Cl2.


 80 Chlorine, F&T PP


Stored Programs


StartStart
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AccuVac Ampuls procedure


1. Select the test.
Insert an adapter if 
required (see Instrument-
specific information).


2. Blank Preparation: 
Fill a sample cell with 
10-mL of sample.


3. Wipe the blank and 
insert it into the cell holder.
ZERO the instrument. The 
display will show: 
0.00 mg/L Cl2


4. Prepared Sample: 
Collect at least 40 mL 
of sample in a 50-mL 
beaker.
Fill a DPD Free Chlorine 
Reagent AccuVac Ampul 
with sample. Keep the tip 
immersed while the Ampul 
fills completely.


5. Quickly invert the 
Ampul several times to 
mix. Wipe off any liquid or 
fingerprints.


6. Within one minute 
after sample addition, wipe 
the AccuVac Ampul and 
insert it into the cell holder.
READ the results in 
mg/L Cl2


 85 Chlorine, F&T AV


Stored Programs


Start
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Interferences 


Sample collection, preservation and storage
• Analyze samples for chlorine immediately after collection. Free chlorine is a strong oxidizing 


agent and it is unstable in natural waters. It reacts rapidly with various inorganic compounds 
and more slowly oxidizes organic compounds. Many factors, including reactant 
concentrations, sunlight, pH, temperature and salinity influence decomposition of free chlorine 
in water.


• Avoid plastic containers since these may have a large chlorine demand. 


• Pretreat glass sample containers to remove any chlorine demand by soaking in a dilute bleach 
solution (1 mL commercial bleach to 1 liter of deionized water) for at least 1 hour. Rinse 
thoroughly with deionized or distilled water. If sample containers are rinsed thoroughly with 
deionized or distilled water after use, only occasional pre-treatment is necessary.


Table 103 Interfering substances and levels
Interfering substance Interference levels and treatments


Acidity


Greater than 150 mg/L CaCO3. May not develop full color or 
color may fade instantly. Neutralize to pH 6–7 with 
1 N Sodium Hydroxide. Determine amount to be added on 
separate sample aliquot, then add the same amount to the 
sample being tested. Correct for volume addition.


Alkalinity


Greater than 250 mg/L CaCO3. May not develop full color or 
color may fade instantly. Neutralize to pH 6–7 with 1 N 
Sulfuric Acid. Determine amount to be added on separate 
sample aliquot, then add the same amount to the sample being 
tested. Correct for volume addition.


Bromine, Br2 Interferes at all levels


Chlorine Dioxide, ClO2 Interferes at all levels


Chloramines, organic May interfere


Hardness No effect at less than 1000 mg/L as CaCO3


Iodine, I2 Interferes at all levels


Manganese, Oxidized 
(Mn4+, Mn7+) or Chromium, Oxidized (Cr6+)


1. Adjust sample pH to 6–7.
2. Add 3 drops Potassium Iodide (30-g/L) to a 10-mL 


sample.
3. Mix and wait one minute.
4. Add 3 drops Sodium Arsenite 1 (5-g/L) and mix.
5. Analyze 10 mL of the treated sample as described in 


the procedure.
6. Subtract the result from this test from the original 


analysis to obtain the correct chlorine concentration.


1 Samples treated with sodium arsenite for interferences will be hazardous waste as regulated by Federal RCRA for arsenic (D004). See the 
current MSDS for proper disposal of hazardous material.


Monochloramine
Causes a gradual drift to higher readings. When read within 
1 minute after reagent addition, 3 mg/L monochloramine 
causes less than a 0.1 mg/L increase in the reading.


Ozone Interferes at all levels


Peroxides May interfere


Extreme sample pH or highly buffered samples Adjust to pH 6–7 using acid (Sulfuric Acid, 1.000 N) or base 
(Sodium Hydroxide, 1.00 N).

Chlorine, Free
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• A common error in testing for chlorine is not obtaining a representative sample. If sampling 
from a tap, let the water flow for at least 5 minutes to ensure a representative sample. Let the 
container overflow with the sample several times, then cap the sample containers so there is 
no headspace (air) above the sample. If sampling with a sample cell, rinse the cell several 
times with the sample, then carefully fill to the 10-mL mark. Perform the chlorine analysis 
immediately.


Accuracy check
Standard additions method (Sample spike)
Required for accuracy check:


• Chlorine Standard Solution, 2-mL PourRite® Ampule, 25–30 mg/L


• Breaker, PourRite Ampules


• Pipet, TenSette®, 0.1–1.0 mL and tips


1. After reading test results, leave the sample cell (unspiked sample) in the instrument. 


2. Select Options>More>Standard Additions from the instrument menu.


3. Enter the average chlorine concentration shown on the label of the ampule container.


4. A summary of the standard additions procedure will be displayed. Press OK to accept the 
default values for standard concentration, sample volume and spike volumes. After the values 
are accepted, the unspiked sample reading will appear in the top row.


5. Open one Voluette ampule standard.


6. Prepare spiked samples: add 0.1 mL, 0.2 mL and 0.3 mL of standard to three 10-mL portions 
of fresh sample.


Note: For AccuVac® Ampuls, add 0.4 mL, 0.8 mL and 1.2 mL of standard to three 50-mL portions of 
fresh sample.


7. Follow the test procedure for each of the spiked samples using the powder pillows or AccuVac 
ampules, starting with the smallest sample spike. Measure each of the spiked samples in the 
instrument.


8. Select GRAPH to view the results. Select IDEAL LINE (or best-fit) to compare the standard 
addition results to the theoretical 100% recovery.


Note: If results are not within acceptable limits (± 10%), be sure that the sample volumes and sample spikes 
are measured accurately. The sample volumes and sample spikes that are used should agree with the 
selections in the standard additions menu. If all procedures are followed correctly but the standard 
additions results are not within acceptable limits, the sample may contain an interference.


Method performance


Program Standard
Precision


95% Confidence Limits of 
Distribution


Sensitivity
Concentration change
per 0.010 Abs change


80 1.25 mg/L Cl2 1.23–1.27 mg/L Cl2 0.02 mg/L Cl2
85 1.25 mg/L Cl2 1.21–1.29 mg/L Cl2 0.02 mg/L Cl2

Chlorine, Free
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Summary of method
Chlorine in the sample as hypochlorous acid or hypochlorite ion (free chlorine or free available 
chlorine) immediately reacts with DPD (N,N-diethyl-p-phenylenediamine) indicator to form a pink 
color, the intensity of which is proportional to the chlorine concentration. Test results are measured 
at 530 nm.

Chlorine, Free
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Consumables and replacement items
Required reagents


Description Quantity/Test Unit Catalog number


DPD Free Chlorine Reagent Powder Pillows, 10-mL 1 100/pkg 2105569


OR


DPD Free Chlorine Reagent AccuVac® Ampuls 1 1 2502025


Required apparatus


Description Quantity Unit Catalog number


Beaker, 50-mL 1 each 50041H


AccuVac Snapper 1 each 2405200


Sample cell, 10 mL round, 25 x 54 mm 1 each 2122800


Sample cell, 10 mL round, 25 x 60 mm 1 6/pkg 2427606


Sample cell, 10 mL square, matched pair 2 2/pkg 2495402


Recommended standards 


Description Unit Catalog number


Chlorine Standard Solution, 2-mL PourRite® Ampule, 25–30 mg/L 20/pkg 2630020


PourRite Ampule breaker, 2-mL each 2484600


Optional reagents and apparatus


Description Unit Catalog number


Chlorine-demand Free Water 500 mL 2641549


Cylinder, mixing, 25 mL each 2088640


Cylinder, mixing, 50 mL each 189641


Sodium Hydroxide, 1 N 100 mL 104532


Sulfuric Acid, 1 N 100 mL 127032


Potassium Iodide, 30-g/L 100 mL 34332


Sodium Arsenite, 5-g/L 100 mL 104732


SwifTest Dispenser for Free Chlorine1


1 Includes one vial of 2105560 for 250 tests


each 2802300


Pipet, TenSette®, Pipet, 0.1 - 1.0 mL each 1970001


Pipet Tips, for TenSette Pipet 1970001 50/pkg 2185696


Pipet Tips, for TenSette Pipet 1970001 1000/pkg 2185628


pH Paper, 0 - 14 pH range 100/pkg 2601300


Voluette Ampule breaker, 10 mL each 2196800


AccuVac, vials for sample blanks 25/pkg 2677925


Chlorine Standard Solution, 2-mL PourRite® Ampule, 50–75 mg/L 20/pkg 1426820


Chlorine Standard Solution, 10-mL Voluette® Ampule, 50–75 mg/L 16/pkg 1426810


DPD Free Chlorine Reagent Powder Pillows, 10-mL 1000/pkg 2105528


DPD Free Chlorine Reagent Powder Pillows, 10-mL 300/pkg 2105503


DPD Free Chlorine Reagent, 10 mL, SwifTest Dispenser refill vial 250 tests 2105560


SpecCheck Secondary Standard Kit, Chlorine DPD, 0–2.0 mg/L Set each 2635300

Chlorine, Free
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ERRATA COVER SHEET


ERRATA COVER SHEET TO U.S.EPA METHOD 300.1
April 27, 1999


The following were editorial changes which have been incorporated into U.S.EPA Method 300.1.  These
minor clarifications are incorporated into the body of this text as follows:


ERRATA #1 - 
An additional sentence was added to Section 4.1.1 reiterating the analyst’s responsibilities when
incorporating any method change, including modifying eluent strength, or any other method parameter. 
The additional sentence states, 


“...The analyst must verify that these changes do not negatively affect performance by repeating
and passing all the QC criteria in Section 9.” 


On this same theme, section 11.9, was also further clarified and specific precautions were added as
follows,


“...The analysts must verify that this dilution does not negatively affect performance by repeating
and passing all the QC criteria in Section 9.  As a specific precaution, upon dilution of the
carbonate eluent, a peak for bicarbonate may be observed within the retention time window for
bromate which will negatively impact the analysis.”


ERRATA #2  - 
An acronym in Section 9.3.2.2 for Laboratory Fortified Blank (LFB) was incorrectly identified as LRB. 
This typographical error was corrected.


ERRATA #3  - 
Clarifications and corrections were made to Section 9.4.1.5, 9.4.3.2 and 9.4.3.3.  These clarifications
pertain to data reportability for Laboratory Fortified Sample Matrices (LFM) as well as to analysis
continuation when Duplicate Sample QC acceptance criteria are not met. 


Section 9.4.1.5 clarifies and now specifies how to report data when the LFM recovery falls outside the
established control criteria by stating, 


“...the recovery problem encountered with the LFM is judged to be matrix induced and the results
for that sample and the LFM are reported with a “matrix induced bias” qualifier.”


  
Section 9.4.3.2 required the correction of a typographical reference by removing “%Diff” in the duplicate
sample acceptance criteria and replacing it with the defined RPD, indicating “relative percent difference”.


Section 9.4.3.3, also had a “%Diff” reference corrected with RPD and included clarification regarding
continuation of an analysis set when a duplicate analysis fails to meet the acceptance criteria.  This section
now reads,


“If the RPD fails to meet these criteria, the samples must be reported with a qualifier identifying
the sample analysis result as yielding a poor duplicate analysis RPD.  This should not be a
chronic problem and if it frequently recurs, (>20% of duplicate analysis) it indicates a problem
with the instrument or individual technique.”







300.1-2


METHOD 300.1


DETERMINATION OF INORGANIC ANIONS IN DRINKING WATER
 BY ION CHROMATOGRAPHY


      
 


1. SCOPE AND APPLICATION 
 


1.1 This method covers the determination of the following inorganic anions in reagent
water, surface water, ground water, and finished drinking water.  As a result of
different specified injection volumes (See conditions in Tables 1A and 1B), these
anions are divided between the common anions listed in Part A and the inorganic
disinfection by-products listed in Part B.  These different injection volumes are
required in order to compensate for the relative concentrations of these anions in
drinking water and maintain good chromatographic peak shape throughout the
expected dynamic range of the detector.  Bromide is included in both Part A, due
to its importance as a common anion, as well as Part B due to its critical role as a
disinfection by-product precursor.


PART A.-- Common Anions
Bromide Nitrite
Chloride ortho-Phosphate-P
Fluoride Sulfate
Nitrate


PART B.-- Inorganic Disinfection By-products
Bromate Chlorite
Bromide Chlorate


1.2 The single laboratory Method Detection Limits (MDL, defined in Sect. 3.11) for
the above analytes are listed in Tables 1A, 1B and 1C.  The MDL for a specific
matrix may differ from those listed, depending upon the nature of the sample and
the specific instrumentation employed. 


1.2.1 In order to achieve comparable detection limits, an ion chromatographic
system must utilize suppressed conductivity detection, be properly
maintained and must be capable of yielding a baseline with no more than
5 nS noise/drift per minute of monitored response over the background
conductivity. 


1.3 This method is recommended for use only by or under the supervision of analysts
experienced in the use of ion chromatography and in the interpretation of the
resulting ion chromatograms.   


 
1.4 When this method is used to analyze unfamiliar samples for any of the above


anions, anion identification should be supported by the use of a fortified sample
matrix covering the anions of interest.  The fortification procedure is described in
Sect. 9.4.1.
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1.5 Users of the method data should state the data-quality objectives prior to analysis. 
Users of the method must demonstrate the ability to generate acceptable results
with this method, using the procedures described in Sect. 9.0. 


1.6 Bromide and nitrite react with most oxidants employed as disinfectants.  The
utility of measuring these anions in treated water should be considered prior to
conducting the analysis. 


 
2. SUMMARY OF METHOD
 


2.1 A small volume of sample, 10 uL for Part A and 50 uL for Part B, is introduced
into an ion chromatograph.  The anions of interest are separated and measured,
using a system comprised of a guard column, analytical column, suppressor
device, and conductivity detector. 


2.2 The ONLY difference between Parts A and B is the volume of sample analyzed
by the ion chromatographic system.  The separator columns and guard columns as
well as eluent conditions are identical.


3. DEFINITIONS


3.1 ANALYSIS BATCH -- A group of no more than 20 field samples (Field sample
analyses include only those samples derived from a field sample matrix.  These
include the initial and duplicate field samples as well as all Laboratory Fortified
Sample Matrices).  The analysis batch must include an Initial Calibration Check
Standard, an End Calibration Check Standard, Laboratory Reagent Blank, and a
Laboratory Fortified Blank.  Within an ANALYSIS BATCH, for every group of
ten field samples, at least one Laboratory Fortified Matrix (LFM) and either a
Field Duplicate, a Laboratory Duplicate or a duplicate of the LFM must be
analyzed.  When more than 10 field samples are analyzed, a Continuing
Calibration Check Standard must be analyzed after the tenth field sample analysis.


3.2 CALIBRATION STANDARD (CAL) -- A solution prepared from the primary
dilution standard solution or stock standard solutions and the surrogate analyte. 
The CAL solutions are used to calibrate the instrument response with respect to
analyte concentration.  


3.2.1 INITIAL CALIBRATION STANDARDS --  A series of CAL solutions
used to initially establish instrument calibration and develop calibration
curves for individual target anions.


3.2.2 INITIAL CALIBRATION CHECK STANDARD --  An individual CAL
solution, analyzed initially, prior to any sample analysis, which verifies
previously established calibration curves.


3.2.3 CONTINUING CALIBRATION CHECK STANDARD -- An individual
CAL solution which is analyzed after every tenth field sample analyses
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which verifies the previously established calibration curves and confirms
accurate analyte quantitation for the previous ten field samples analyzed.


3.2.4 END CALIBRATION CHECK STANDARD -- An individual CAL
solution which is analyzed after the last field sample analyses which
verifies the previously established calibration curves and confirms
accurate analyte quantitation for all field samples analyzed since the last
continuing calibration check.


3.3 FIELD DUPLICATES -- Two separate samples collected at the same time and
place under identical circumstances and treated exactly the same throughout field
and laboratory procedures.  Analyses of field duplicates indicate the precision
associated with sample collection, preservation and storage, as well as with
laboratory procedures. 


3.4 INSTRUMENT PERFORMANCE CHECK SOLUTION (IPC) -- A solution of
one or more method analytes, surrogates, or other test substances used to
evaluate the performance of the instrument system with respect to a defined set of
criteria.


3.5 LABORATORY DUPLICATE --  Two sample aliquots, taken in the laboratory
from a single sample bottle, and analyzed separately with identical procedures. 
Analyses of LD1 and LD2 indicate precision associated specifically with the
laboratory procedures, removing any associated variables attributed by sample
collection, preservation, or storage procedures.


3.6 LABORATORY FORTIFIED BLANK (LFB) -- An aliquot of reagent water or
other blank matrices to which known quantities of the method analytes are added
in the laboratory.  The LFB is analyzed exactly like a sample, and its purpose is to
determine whether the methodology is in control, and whether the laboratory is
capable of making accurate and precise measurements.


3.7 LABORATORY FORTIFIED SAMPLE MATRIX (LFM) -- An aliquot of an
environmental sample to which known quantities of the method analytes are added
in the laboratory.  The LFM is analyzed exactly like a sample, and its purpose is to
determine whether the sample matrix contributes bias to the analytical results.  The
background concentrations of the analytes in the sample matrix must be
determined in a separate aliquot and the measured values in the LFM corrected for
background concentrations.


3.8 LABORATORY REAGENT BLANK (LRB) -- An aliquot of reagent water or
other blank matrices that are treated exactly as a sample including exposure to all
glassware, equipment, solvents, reagents, and surrogates that are used with other
samples.  The LRB is used to determine if method analytes or other interferences
are present in the laboratory environment, the reagents, or the apparatus.
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3.9 LINEAR CALIBRATION RANGE (LCR) -- The concentration range over which
the instrument response is linear.


3.10 MATERIAL SAFETY DATA SHEET (MSDS) -- Written information provided
by vendors concerning a chemical's toxicity, health hazards, physical properties,
fire, and reactivity data including storage, spill, and handling precautions.


3.11 METHOD DETECTION LIMIT (MDL) -- The minimum concentration of an
analyte that can be identified, measured and reported with 99% confidence that the
analyte concentration is greater than zero.


3.12 MINIMUM REPORTING LEVEL (MRL) --  The minimum concentration that
can be reported for an anion in a sample following analysis.  This defined
concentration can be no lower than the concentration of the lowest calibration
standard and can only be used if acceptable quality control criteria for this standard
are met.


3.13 PERFORMANCE EVALUATION SAMPLE (PE) -- A certified solution of
method analytes whose concentration is unknown to the analyst.  Often, an aliquot
of this solution is added to a known volume of reagent water and analyzed with
procedures used for samples.  Results of analyses are used to determine
statistically the accuracy and precision that can be expected when a method is
performed by a competent analyst.


3.14 QUALITY CONTROL SAMPLE (QCS) -- A solution of method analytes of
known concentrations that is used to fortify an aliquot of LRB or sample matrix. 
The QCS is obtained from a source external to the laboratory and different from
the source of calibration standards.  It is used to check laboratory performance
with externally prepared test materials.


3.15 SURROGATE ANALYTE -- An analyte added to a sample, which is unlikely to
be found in any sample at significant concentration, and which is added directly to
a sample aliquot in known amounts before any sample processing procedures are
conducted.  It is measured with the same procedures used to measure other sample
components.  The purpose of the surrogate analyte is to monitor method
performance with each sample.


3.16 STOCK STANDARD SOLUTION (SSS) -- A concentrated solution containing
one or more method analytes prepared in the laboratory using assayed reference
materials or purchased from a reputable commercial source.


4. INTERFERENCES 
 


4.1 Interferences can be divided into three different categories:  direct
chromatographic coelution, where an analyte response is observed at very nearly
the same retention time as the target anion; concentration dependant coelution,
which is observed when the response of higher than typical concentrations of the
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neighboring peak overlap into the retention window of the target anion; and, ionic
character displacement, where retention times may significantly shift due to the
influence of high ionic strength matrices (high mineral content or hardness)
overloading the exchange sites in the column and significantly shortening target
analyte's retention times.  


4.1.1 A direct chromatographic coelution may be solved by changing columns,
eluent strength, modifying the eluent with organic solvents (if compatible
with IC columns), changing the detection systems, or selective removal of
the interference with pretreatment.  Sample dilution will have little to no
effect.  The analyst must verify that these changes do not negatively affect
performance by repeating and passing all the QC criteria in Section 9.  


4.1.2 Sample dilution may resolve some of the difficulties if the interference is
the result of either concentration dependant coelution or ionic character
displacement, but it must be clarified that sample dilution will alter your
Minimum Reporting Limit (MRL) by a proportion equivalent to that of
the dilution. Therefore, careful consideration of project objectives should
be given prior to performing such a dilution.  An alternative to sample
dilution, may be dilution of the eluent as outlined in 11.9. 


4.1.3 Pretreatment cartridges can be effective as a means to eliminate certain
matrix interferences.  Prior to using any pretreatment, the analyst should
be aware that all instrument calibration standards must be pretreated in
exactly the same manner as the pretreated unknown field samples.  The
need for these cartridges have been greatly reduced with recent advances
in high capacity anion exchange columns.


4.1.3.1 Extreme caution should be exercised in using these
pretreatment cartridges.  Artifacts are known to leach from
certain cartridges which can foul the guard and analytical
columns causing loss of column capacity indicated by
shortened retention times and irreproducible results. 
Frequently compare your calibration standard chromatograms
to those of the column test chromatogram (received when the
column was purchased) to insure proper separation and similar
response ratios between the target analytes is observed. 


4.2 Method interferences may be caused by contaminants in the reagent water,
reagents, glassware, and other sample processing apparatus that lead to discrete
artifacts or elevated baselines in an ion chromatogram.  These interferences can
lead to false positive results for target analytes as well as reduced detection limits
as a consequence of elevated baseline noise.


 
4.3 Samples that contain particles larger than 0.45 microns and reagent solutions that


contain particles larger than 0.20 microns require filtration to prevent damage to
instrument columns and flow systems.
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4.4 Any anion that is only weakly retained by the column may elute in the retention
time window of fluoride and potentially interfere.  At concentrations of fluoride
above 1.5 mg/L, this interference may not be significant, however, it is the
responsibility of the user to generate precision and accuracy information in each
sample matrix.


  
4.5 Close attention should be given to the potential for carry over peaks from one


analysis which will effect the proper detection of analytes of interest in a second,
subsequent analysis.  Normally, the elution of sulfate (retention time of 13.8 min.)
indicates the end of a chromatographic run, but, in the ozonated and chlorine
dioxide matrices, which were included as part of the single operator accuracy and
bias study (See Table 2B), a small response (200 nS baseline rise) was observed
for a very late eluting unknown peak at approximately 23 minutes.  Consequently,
a run time of 25 minutes is recommended to allow for the proper elution of any
potentially interferant late peaks.  It is the responsibility of the user to confirm
that no late eluting peaks have carried over into a subsequent analysis thereby
compromising the integrity of the analytical results.


4.6 Any residual chlorine dioxide present in the sample will result in the formation of
additional chlorite prior to analysis.  If any concentration of chlorine dioxide is
suspected in the sample, the sample must be purged with an inert gas (helium,
argon or nitrogen) for approximately five minutes or until no chlorine dioxide
remains.  This sparging must be conducted prior to ethylenediamine preservation
and at time of sample collection.


5. SAFETY


5.1 The toxicity or carcinogenicity of each reagent used in this method have not been
fully established.  Each chemical should be regarded as a potential health hazard
and exposure should be as low as reasonably achievable.  Cautions are included
for known extremely hazardous materials or procedures.


5.2 Each laboratory is responsible for maintaining a current awareness file of OSHA
regulations regarding the safe handling of the chemicals specified in this method. 
A reference file of Material Safety Data Sheets (MSDS) should be made available
to all personnel involved in the chemical analysis.  The preparation of a formal
safety plan is also advisable.


5.3 The following chemicals have the potential to be highly toxic or hazardous,
consult MSDS.


5.3.1 Sulfuric acid --  When used to prepared a 25 mN sulfuric acid regenerant
solution for chemical suppression using a Dionex Anion Micro Membrane
Suppressor (AMMS).
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6. EQUIPMENT AND SUPPLIES 


6.1 Ion chromatograph -- Analytical system complete with ion chromatograph and all
required accessories including syringes, analytical columns, compressed gasses
and a conductivity detector.  


 
6.1.1 Anion guard column: Dionex AG9-HC, 2 mm (P/N 52248), or


equivalent.  This column functions as a protector of the separator column. 
If omitted from the system the retention times will be shorter. 


 
 6.1.2 Anion separator column:  Dionex AS9-HC column, 2 mm (P/N 52244),


or equivalent.  The microbore (2 mm) was selected in the development of
this method as a means to tighten the bromate elution band and thus
reduce the detection limit. An optional column (2 mm or 4 mm) may be
used if comparable resolution of peaks is obtained, and the requirements
of Sect. 9.0 can be met.  The AS9-HC, 2 mm column using the conditions
outlined in Table 1A and 1B produced the separation shown in Figures 1
through 4. 


6.1.2.1 If a 4 mm column is employed, the injection volume should be
raised by a factor of four to 40 uL for Part A anions and 200
uL for Part B anions in order to attain comparable detection
limits.  A four fold increase in injection volume compensates
for the four fold increase in cross sectional surface area of the
4 mm standard bore column over the 2 mm microbore column. 


6.1.2.2 Comparable results can be attained using the Dionex, AS9-HC,
4 mm column.  MDLs for the part B, inorganic disinfection by-
products using this 4 mm column are displayed along with
analysis conditions in Table 1C. 


6.1.3 Anion suppressor device:  The data presented in this method were
generated using a Dionex Anion Self Regenerating Suppressor (ASRS,
P/N 43187).  An equivalent suppressor device may be utilized provided
comparable detection limits are achieved and adequate baseline stability is
attained as measured by a combined baseline drift/noise of no more than 5
nS per minute over the background conductivity.


6.1.3.1 The ASRS was set to perform electrolytic suppression at a
current setting of 100 mA using an external source DI water
mode.  Insufficient baseline stability was observed using the
ASRS in recycle mode.


6.1.4 Detector -- Conductivity cell (Dionex CD20, or equivalent) capable of
providing data as required in Sect. 9.2.







300.1-9


6.2 The Dionex Peaknet Data Chromatography Software was used to generate all the
data in the attached tables.  Systems using a strip chart recorder and integrator or
other computer based data system may achieve approximately the same MDL's
but the user should demonstrate this by the procedure outlined in Sect. 9.2. 


6.3 Analytical balance, ±0.1 mg sensitivity.  Used to accurately weigh target analyte
salts for stock standard preparation.


6.4 Top loading balance, ±10 mg sensitivity.  Used to accurately weigh reagents to
prepare eluents.


6.5 Weigh boats, plastic, disposable - for weighing eluent reagents.


6.6 Syringes, plastic, disposable, 10 mL - used during sample preparation.


6.7 Pipets, Pasteur, plastic or glass, disposable, graduated, 5 mL and 10 mL.


6.8 Bottles, high density polyethylene (HDPE), opaque or glass, amber, 30 mL, 125
mL, 250 mL.  For sampling and storage of calibration solutions.  Opaque or
amber due to the photoreactivity of chlorite anion.


6.9 Micro beakers, plastic, disposable - used during sample preparation.


7. REAGENTS AND STANDARDS
 


7.1 Reagent water:  Distilled or deionized water, free of the anions of interest.  Water
should contain particles no larger than 0.20 microns. 


7.2 Eluent solution :  Sodium carbonate (CASRN 497-19-8) 9.0 mM.  Dissolve 1.91
g sodium carbonate (Na2CO3) in reagent water and dilute to 2 L.


7.2.1 This eluent solution must be purged for 10 minutes with helium prior to
use to remove dissolved gases which may form micro bubbles in the IC
compromising system performance and adversely effecting the integrity of
the data.


7.3 Stock standard solutions, 1000 mg/L (1 mg/mL):  Stock standard solutions may
be purchased as certified solutions or prepared from ACS reagent grade,
potassium or sodium salts as listed below, for most analytes.  Chlorite requires
careful consideration as outline below in 7.3.5.1.


 
7.3.1 Bromide (Br-) 1000 mg/L:  Dissolve 0.1288 g sodium bromide (NaBr,


CASRN 7647-15-6) in reagent water and dilute to 100 mL in a
volumetric flask.
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7.3.2 Bromate (BrO3
-) 1000 mg/L:  Dissolve 0.1180 g of sodium bromate


(NaBrO3, CASRN 7789-38-0) in reagent water and dilute to 100 mL in a
volumetric flask.


7.3.3 Chlorate (C103
-) 1000 mg/L:  Dissolve 0.1275 g of sodium chlorate


(NaC103, CASRN 7775-09-9) in reagent water and dilute to 100 mL in a
volumetric flask.


7.3.4 Chloride (Cl-) 1000 mg/L:  Dissolve 0.1649 g sodium chloride (NaCl,
CASRN 7647-14-5) in reagent water and dilute to 100 mL in a
volumetric flask. 


            
7.3.5 Chlorite (C102


-) 1000 mg/L:  Assuming an exact 80.0 % NaC102 is
amperometrically titrated from technical grade NaC102 (See Sect.
7.3.5.1).  Dissolve 0.1676 g of sodium chlorite (NaC102, CASRN 7758-
19-2) in reagent water and dilute to 100 mL in a volumetric flask.


7.3.5.1 High purity sodium chlorite (NaClO 2) is not currently
commercially available due to potential explosive instability. 
Recrystallization of the technical grade (approx. 80%) can be
performed but it is labor intensive and time consuming.  The
simplest approach is to determine the exact % NaClO 2 using
the iodometric titration procedure (Standard Methods, 19th
Ed., 4500-ClO2.C).  Following titration, an individual
component standard of chlorite must be analyzed to determine
if there is any significant contamination (greater than 1% of the
chlorite weight) in the technical grade chlorite standard from
any of the Part B components.  These contaminants will place
a high bias on the calibration of the other anions if all four Part
B components are mixed in an combined calibration solution. 
If these other anions are present as contaminants, a separate
chlorite calibration needs to be performed. 


7.3.6 Fluoride (F-) 1000 mg/L:  Dissolve 0.2210 g sodium fluoride (NaF,
CASRN 7681-49-4) in reagent water and dilute to 100 mL in a
volumetric flask.


 7.3.7 Nitrate (NO-
3-N) 1000 mg/L:  Dissolve 0.6068 g sodium nitrate (NaNO3,


CASRN 7631-99-4) in reagent water and dilute to 100 mL in a
volumetric flask.


                          
7.3.8 Nitrite (NO-


2-N) 1000 mg/L:  Dissolve 0.4926 g sodium nitrite (NaNO2,
CASRN 7632-00-0) in reagent water and dilute to 100 mL in a
volumetric flask.
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7.3.9 Phosphate (PO4
3--P) 1000 mg/L:  Dissolve 0.4394 g potassium


dihydrogenphosphate (KH2PO4, CASRN 7778-77-0) in reagent water
and dilute to 100 mL in a volumetric flask. 


  
7.3.10 Sulfate (SO4


2-) 1000 mg/L:  Dissolve 0.1814 g potassium sulfate (K2SO4,
CASRN 7778-80-5) in reagent water and dilute to 100 mL in a
volumetric flask. 


 NOTE: Stability of standards:  Stock standards (7.3) for most anions are
stable for at least 6 months when stored at 4oC.  Except for the
chlorite standard which is only stable for two weeks when stored
protected from light at 4oC, and nitrite and phosphate which are only
stable for 1 month when stored at 4oC.  Dilute working standards
should be prepared monthly, except those that contain chlorite, or
nitrite and phosphate which should be prepared fresh daily.


 
7.4 Ethylenediamine (EDA) preservation solution, 100 mg/mL: Dilute 2.8 mL of


ethylenediamine (99%) (CASRN 107-15-3) to 25 mL with reagent water. 
Prepare fresh monthly.


7.5 Surrogate Solution:  0.50 mg/mL dichloroacetate (DCA) prepared by dissolving
0.065 g dichloroacetic acid, potassium salt (Cl2CHCO2K, CASRN 19559-59-2) in
reagent water and dilute to 100 mL in a volumetric flask. 


7.5.1 Dichloroacetate is potentially present in treated drinking waters as the
acetate of the organic disinfection by product, dichloroacetic acid
(DCAA).  Typical concentrations of DCAA rarely exceed 50 ug/L,
which, for this worst case example, would represent only a five percent
increase in the observed response over the fortified concentration of 1.00
mg/L.  Consequently, the criteria for acceptable recovery (90% to 115%)
for the surrogate is weighted to 115% to allow for this potential
background.


7.5.2 Prepare this solution fresh every 3 months or sooner if signs of
degradation are present.


8. SAMPLE COLLECTION, PRESERVATION AND STORAGE


 8.1 Samples should be collected in plastic or glass bottles.  All bottles must be
thoroughly cleaned and rinsed with reagent water. Volume collected should be
sufficient to insure a representative sample, allow for replicate analysis, if
required, and minimize waste disposal.


 
8.2 Special sampling requirements and precautions for chlorite.


8.2.1 Sample bottles used for chlorite analysis must be opaque to protect the
sample from light.
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8.2.2 When preparing the LFM, be aware that chlorite is an oxidant and may
react with the natural organic matter in an untreated drinking water
matrix as a result of oxidative demand.  If untreated water is collected for
chlorite analysis, and subsequently used for the LFM, EDA preservation
will not control this demand and reduced chlorite recoveries may be
observed.


8.3 Sample preservation and holding times for the anions that can be determined by
this method are as follows:


PART A :  Common Anions
Analyte Preservation Holding Time
Bromide None required 28 days
Chloride None required 28 days
Fluoride None required 28 days
Nitrate-N Cool to 4oC 48 hours
Nitrite-N Cool to 4oC 48 hours 
ortho-Phosphate-P Cool to 4oC 48 hours 
Sulfate Cool to 4oC 28 days 


PART B :  Inorganic Disinfection By-products
Analyte Preservation Holding Time
Bromate 50 mg/L EDA 28 days
Bromide None required 28 days
Chlorate 50 mg/L EDA 28 days
Chlorite 50 mg/L EDA, Cool to 4oC 14 days


8.4 When collecting a sample from a treatment plant employing chlorine dioxide, the
sample must be sparged with an inert gas (helium, argon, nitrogen) prior to
addition of the EDA preservative at time of sample collection. 


8.5 All four anions, in Part B, can be analyzed in a sample matrix which has been
preserved with EDA.   Add a sufficient volume of the EDA preservation solution
(Sect. 7.4) such that the final concentration is 50 mg/L in the sample.  This would
be equivalent to adding 0.5 mL of the EDA preservation solution to 1 L of
sample. 


8.6 EDA is primarily used as a preservative for chlorite.  Chlorite is susceptible to
degradation both through catalytic reactions with dissolved iron salts and
reactivity towards free chlorine which exists as hypochlorous acid/hypochlorite
ion in most drinking water as a residual disinfectant.  EDA serves a dual purpose
as a preservative for chlorite by chelating iron as well as any other catalytically
destructive metal cations and removing hypochlorous acid/hypochlorite ion by
forming an organochloroamine.  EDA preservation of chlorite also preserves the
integrity of chlorate which can increase in unpreserved samples as a result of
chlorite degradation.  EDA also preserves the integrity of bromate concentrations
by binding with hypobromous acid/hypobromite which is an intermediate formed
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as by-product of the reaction of either ozone or hypochlorous acid/hypochlorite
with bromide ion.  If hypobromous acid/hypobromite is not removed from the
matrix further reactions may form bromate ion.


8.7 Degradation of ortho-phosphate has been observed in samples held at room
temperature for over 16 hrs (see table 3A).  Therefore, samples to be analyzed for
ortho-phosphate must not be held at room temperature for more than 12
cumulative hours.


9. QUALITY CONTROL


9.1 Each laboratory using this method is required to operate a formal quality control
(QC) program.  The requirements of this program consist of an initial
demonstration of laboratory performance, and subsequent analysis in each
analysis batch (Sect. 3.1) of a Laboratory Reagent Blank, Laboratory Fortified
Blank, Instrument Performance Check Standard, calibration check standards,
Laboratory Fortified Sample Matrices (LFM) and either Field, Laboratory or
LFM duplicate sample analyses.  This section details the specific requirements for
each of these QC parameters.  The laboratory is required to maintain performance
records that define the quality of the data that are generated.


9.2 INITIAL DEMONSTRATION OF PERFORMANCE 


9.2.1 The initial demonstration of performance is used to characterize
instrument performance (determination of accuracy through the analysis
of the QCS) and laboratory performance (determination of MDLs) prior
to performing analyses by this method.


9.2.2 Quality Control Sample (QCS) -- When beginning the use of this method,
on a quarterly basis or as required to meet data-quality needs, verify the
calibration standards and acceptable instrument performance with the
preparation and analyses of a QCS.  If the determined concentrations are
not within ± 15% of the stated values, performance of the determinative
step of the method is unacceptable.  The source of the problem must be
identified and corrected before either proceeding with the initial
determination of MDLs or continuing with on-going analyses.


9.2.3 Method Detection Limit (MDL) -- MDLs must be established for all
analytes, using reagent water (blank) fortified at a concentration of three
to five times the estimated instrument detection limit.(6)  To determine
MDL values, take seven replicate aliquots of the fortified reagent water
and process through the entire analytical method over at least three
separate days.  Perform all calculations defined in the method and report
the concentration values in the appropriate units.  Calculate the MDL as
follows:


MDL = (t) x (S)
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where, t = Student's t value for a 99% confidence level and a
standard deviation estimate with n-1 degrees of freedom
[t = 3.14 for seven replicates].


S = standard deviation of the replicate analyses.


9.2.3.1 MDLs should be determined every 6 months, when a new
operator begins work or whenever there is a significant change
in the background, or instrument response.


9.3 ASSESSING LABORATORY PERFORMANCE 


9.3.1 Laboratory Reagent Blank (LRB) -- The laboratory must analyze at least
one LRB with each analysis batch (defined Sect 3.1).  Data produced are
used to assess contamination from the laboratory environment.  Values
that exceed the MDL indicate laboratory or reagent contamination should
be suspected and corrective actions must be taken before continuing the
analysis.


9.3.1.1 If conducting analysis for the Part B anions, EDA must be
added to the LRB at 50 mg/L.  By including EDA in the LRB,
any bias as a consequence of the EDA which may be observed
in the field samples, particularly in terms of background
contamination, will be identified.


9.3.2 Laboratory Fortified Blank (LFB) -- The LFB should be prepared at
concentrations similar to those expected in the field samples and ideally at
the same concentration used to prepare the LFM. Calculate accuracy as
percent recovery (Sect. 9.4.1.3).  If the recovery of any analyte falls
outside the required concentration dependant control limits (Sect.
9.3.2.2), that analyte is judged out of control, and the source of the
problem should be identified and resolved before continuing analyses.


9.3.2.1 If conducting analysis for the Part B anions, EDA must be
added to the LFB at 50 mg/L.  The addition of EDA to all
reagent water prepared calibration and quality control samples
is required not as a preservative but rather as a means to
normalize any bias attributed by the presence of EDA in the
field samples.


9.3.2.2 Control Limits for the LFB


Concentration range Percent Recovery Limits
   MRL to 10xMRL 75 - 125 %


10xMRL to highest calibration level 85 - 115 %  
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9.3.2.2.1 These control limits only apply if the MRL is established within
a factor of 10 times the MDL.  Otherwise, the limits are set at
85% to 115%.


9.3.2.3 The laboratory must use the LFB to assess laboratory perfor-
mance against the required control limits listed in 9.3.2.2. 
When sufficient internal performance data become available
(usually a minimum of 20-30 analyses), optional control limits
can be developed from the percent mean recovery (x) and the
standard deviation (S) of the mean recovery.  These data can
be used to establish the upper and lower control limits as
follows:


                       UPPER CONTROL LIMIT = x + 3S
                        LOWER CONTROL LIMIT = x - 3S


The optional control limits must be equal to or better than
those listed in 9.3.2.2.  After each five to ten new recovery
measurements, new control limits can be calculated using only
the most recent 20-30 data points.  Also, the standard
deviation (S) data should be used to establish an on-going
precision statement for the level of concentrations monitored. 
These data must be kept on file and be available for review.


9.3.3 Instrument Performance Check Solution (IPC) -- The Initial Calibration
Check Standard is to be evaluated as the instrument performance check
solution in order to confirm proper instrument performance.  Proper
chromatographic performance must be demonstrated by calculating the
Peak Gaussian Factor (PGF), which is a means to measure peak
symmetry and monitoring retention time drift in the surrogate peak over
time.  Critically evaluate the surrogate peak in the initial calibration check
standard, and calculate the PGF as follows,


    1.83  x  W(1/2)
PGF = ----------------------- 


    W(1/10)


   where: W(1/2) is the peak width at half height 
W(1/10) is the peak width at tenth height


9.3.3.1 The PGF must fall between 0.80 and 1.15 in order to
demonstrate proper instrument performance.


9.3.3.2 The retention time for the surrogate in the IPC must be closely
monitored on each day of analysis and throughout the lifetime of
the analytical column.  Small variations in retention time can be
anticipated when a new solution of eluent is prepared but if
shifts of more than 2% are observed in the surrogate retention
time, some type of instrument problem is present. Potential
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problems include improperly prepared eluent, erroneous method
parameters programmed such as flow rate or some other system
problem. The chromatographic profile (elution order) of the
target anions following an ion chromatographic analysis should
closely replicate the profile displayed in the test chromatogram
that was shipped when the column was purchased. As a column
ages, it is normal to see a gradual shift and shortening of
retention times, but if after several years of use, extensive use
over less than a year, or use with harsh samples, this retention
time has noticeably shifted to any less than 80% of the original
recorded value, the column may require cleaning or
replacement.  Particularly if resolution problems are beginning
to become common between previously resolved peaks.  A
laboratory must retain a historic record of retention times for
the surrogate and all the target anions to provide evidence of an
analytical columns vitality.


9.4 ASSESSING ANALYTE RECOVERY AND DATA QUALITY


9.4.1 Laboratory Fortified Sample Matrix (LFM) -- The laboratory must add a
known amount of analyte to a minimum of 10% of the field samples
within an analysis batch.  The LFM sample must be prepared from a
sample matrix which has been analyzed prior to fortification. The analyte
concentration must be high enough to be detected above the original
sample and should adhere to the requirement of 9.4.1.2.  It is
recommended that the solutions used to fortify the LFM be prepared
from the same stocks used to prepare the calibration standards and not
from external source stocks.  This will remove the bias contributed by an
externally prepared stock and focus on any potential bias introduced by
the field sample matrix.


9.4.1.1 If the fortified concentration is less than the observed 
background concentration of the unfortified matrix, the
recovery should not be calculated.  This is due to the difficulty
in calculating accurate recoveries of the fortified concentration
when the native sample concentration is so high.


9.4.1.2 The LFM should be prepared at concentrations no greater than
five times the highest concentration observed in any field
sample.  If no analyte is observed in any field sample, the LFM
must be fortified no greater than five times the lowest
calibration level which as outlined in 12.2 is the minimum
reported level (MRL).  For example, if bromate is not detected
in any field samples above the lowest calibrations standard
concentration of 5.00 ug/L, the highest LFM fortified
concentration allowed is 25.0 ug/L.
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9.4.1.3 Calculate the percent recovery for each analyte, corrected for
concentrations measured in the unfortified sample.  Percent
recovery should be calculated using the following equation:


  Cs - C
    R =  --------  x 100


  s


where, R  = percent recovery.
Cs = fortified sample concentration
C  = sample background concentration
s  = concentration equivalent of analyte added to


sample.


9.4.1.4 Until sufficient data becomes available (usually a minimum of 20
to 30 analysis), assess laboratory performance against recovery
limits of 75 to 125%.  When sufficient internal performance data
becomes available develop control limits from percent mean
recovery and the standard deviation of the mean recovery.  The
optional control limits must be equal to or better than the
required control limits of 75-125%.


9.4.1.5 If the recovery of any analyte falls outside the designated LFM
recovery range and the laboratory performance for that analyte
is shown to be in control (Sect. 9.3), the recovery problem
encountered with the LFM is judged to be matrix induced and
the results for that sample and the LFM are reported with a
“matrix induced bias” qualifier.


9.4.2 SURROGATE RECOVERY --  Calculate the surrogate recovery from all
analyses using the following formula


  SRC
    R = ---------  x 100


  SFC


where, R  = percent recovery.
SRC = Surrogate Recovered Concentration
SFC = Surrogate Fortified Concentration


9.4.2.1 Surrogate recoveries must fall between 90-115% for proper
instrument performance and analyst technique to be verified.  The
recovery of the surrogate is slightly bias to 115% to allow for the
potential contribution of trace levels of dichloroacetate as the
halogenated organic disinfection by-product (DBP) dichloroacetic
acid (DCAA)  Background levels of this organic DBP are rarely
observed above 50 ug/L (0.05 mg/L) which constitutes only 5%
of the 1.00 mg/L recommended fortified concentration.


9.4.2.2 If the surrogate recovery falls outside the 90-115% recovery
window, a analysis error is evident and sample reanalysis is
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required.  Poor recoveries could be the result of imprecise sample
injection or analyst fortification errors.  


9.4.3 FIELD OR LABORATORY DUPLICATES --  The laboratory must
analyze either a field or a laboratory duplicate for a minimum of 10% of the
collected field samples or at least one with every analysis batch, whichever
is greater.  The sample matrix selected for this duplicate analysis must
contain measurable concentrations of the target anions in order to establish
the precision of the analysis set and insure the quality of the data.  If none
of the samples within an analysis batch have measurable concentrations, the
LFM should be employed as a laboratory duplicate.


9.4.3.1 Calculate the relative percent difference (RPD) of the initial
quantitated concentration (IC) and duplicate quantitated
concentration (Dc) using the following formula,


 (IC - Dc)
RPD = -------------- X 100


 ([IC + Dc]/2)


9.4.3.2 Duplicate analysis acceptance criteria


Concentration range RPD Limits
   MRL to 10xMRL +/- 20 %


          10xMRL to highest calibration level +/- 10 %  


9.4.3.3 If the RPD fails to meet these criteria, the samples must be
reported with a qualifier identifying the sample analysis result as
yielding a poor duplicate analysis RPD.  This should not be a
chronic problem and if it frequently recurs (>20% of duplicate
analyses) it indicates a problem with the instrument or individual
technique. 


9.4.4 Where reference materials are available, they should be analyzed to provide
additional performance data.  The analysis of reference samples is a
valuable tool for demonstrating the ability to perform the method
acceptably. 


9.4.5 In recognition of the rapid advances occurring in chromatography, the
analyst is permitted certain options, such as the use of different columns,
injection volumes, and/or eluents, to improve the separations or lower the
cost of measurements.  Each time such modifications to the method are
made, the analyst is required to repeat the procedure in Sect. 9.2 and
adhere to the condition of baseline stability found in Sect. 1.2.1.  


9.4.6 It is recommended that the laboratory adopt additional quality assurance
practices for use with this method.  The specific practices that are most
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productive depend upon the needs of the laboratory and the nature of the
samples.  Whenever possible, the laboratory should perform analysis of
quality control check samples and participate in relevant performance
evaluation sample studies.


10. CALIBRATION AND STANDARDIZATION


10.1 Establish ion chromatographic operating parameters equivalent to those indicated
in Tables 1A or 1B if employing a 2 mm column, Table 1C if employing a 4 mm
column. 


 
10.2 Estimate the Linear Calibration Range (LCR) -- The LCR should cover the


expected concentration range of the field samples and should not extend over
more than 2 orders of magnitude in concentration  (For example, if quantitating
nitrate in the expected range of 1.0 mg/L to 10 mg/L, 2 orders of magnitude
would permit the minimum and maximum calibration standards of 0.20 mg/L and
20 mg/L, respectively.) The restriction of 2 orders of magnitude is prescribed
since beyond this it is difficult to maintain linearity throughout the entire
calibration range.  


10.2.1 If quantification is desired over a larger range, then two separate
calibration curves should be prepared.  


10.2.2 For an individual calibration curve, a minimum of three calibration
standards are required for a curve that extends over a single order of
magnitude and a minimum of five calibration standards are required if the
curve covers two orders of magnitude. (For example, using the nitrate
example cited above in section 10.2, but in this case limit the curve to
extend only from 1.0 mg/L to 10 mg/L or a single order of magnitude.  A
third standard is required somewhere in the middle of the range. For the
calibration range of 0.20 mg/L to 20 mg/L, over two orders of
magnitude, five calibrations standards should be employed, one each at
the lower and upper concentration ranges and the other three
proportionally divided throughout the middle of the curve.)  


 
10.3 Prepare the calibration standards by carefully adding measured volumes of one or


more stock standards (7.3) to a volumetric flask and diluting to volume with
reagent water. 


           
10.3.1 For the Part B anions, EDA must be added to the calibration standards at


50 mg/L.  The addition of EDA to all reagent water prepared calibration
and quality control samples is required not as a preservative but rather as
a means to normalize any bias attributed by the presence of EDA in the
field samples.


10.3.2 Prepare a 10.0 mL aliquot of surrogate fortified calibration solution
which can be held for direct manual injection or used to fill an
autosampler vial.  Add 20 uL of the surrogate solution (7.5) to a 20 mL
disposable plastic micro beaker.  Using a 10.0 mL disposable pipet, place
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exactly 10.0 mL of calibration standard into the micro beaker and mix. 
The calibration standard is now ready for analysis.  The same surrogate
solution that has been employed for the standards should also be used in
the section 11.3.2 for the field samples.


10.4 Using a 2 mm column, inject 10 uL (Part A) or 50 uL (Part B) of each calibration
standard.  Using a 4 mm column, inject 50 uL (Part A) or 200 uL (Part B) of each
calibration standard.  Tabulate peak area responses against the concentration. 
The results are used to prepare calibration curves using a linear least squares fit
for each analyte.  Acceptable calibration curves are confirmed after reviewing the
curves for linearity and passing the criteria for the initial calibration check
standard in section 10.5.1. Alternately, if the ratio of response to concentration
(response factor) is constant over the LCR (indicated by < 15% relative standard
deviation (RSD), linearity through the origin can be assumed and the average
ratio or calibration factor can be used in place of a calibration curve,  


10.4.1 Peak areas are strongly recommended since they have been found to be
more consistent, in terms of quantitation, than peak heights.  Peak height
can tend to be suppressed as a result of high levels of common anions in a
given matrix which can compete for exchange sites.  Using peak areas, it
is the analyst responsibility to review all chromatograms to insure
accurate baseline integration of target analyte peaks since poorly drawn
baselines will more significantly influence peak areas than peak heights.


 10.5 Once the calibration curves have been established they must be verified prior to
conducting any sample analysis using an initial calibration check standard (3.2.2). 
This verification must be performed on each analysis day or whenever fresh eluent
has been prepared.  A continuing calibration check standard (3.2.3) must be
analyzed after every tenth sample and at the end of the analysis set as an end
calibration check standard (3.2.4).  The response for the initial, continuing and end
calibration check  must satisfy the criteria listed in 10.5.1.  If during the analysis set,
the response differs by more than the calibration verification criteria shown in
10.5.1., or the retention times shift more than ± 5% from the expected values for
any analyte, the test must be repeated, using fresh calibration standards.  If the
results are still outside these criteria, sample analysis must be discontinued, the
cause determined and/or in the case of drift, the instrument recalibrated.  All
samples following the last acceptable calibration check standard must be
reanalyzed.  


10.5.1 Control limits for calibration verification


Concentration range Percent Recovery Limits
   MRL to 10xMRL 75 - 125 %


10xMRL to highest calibration level 85 - 115 %  


 10.5.1.1 These control limits only apply if the MRL is established within
a factor of 10 times the MDL.  Otherwise, the limits are set at
85% to 115%.
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10.5.2 CALIBRATION VERIFICATION REQUIREMENT FOR PART B
As a mandatory requirement of calibration verification, the laboratory
MUST verify calibration using the lowest calibration standard as the
initial calibration check standard.


10.5.3 After satisfying the requirement of 10.5.2, the levels selected for the other
calibration check standards should be varied between a middle calibration
level and the highest calibration level.


11. PROCEDURE 
 


11.1 Tables 1A and 1B summarize the recommended operating conditions for the ion
chromatograph.  Included in these tables are estimated retention times that can be
achieved by this method.  Other columns,  chromatographic conditions, or
detectors may be used if the requirements of Sect. 9.2 are met. 


 
11.2 Check system calibration daily and, if required, recalibrate as described in Sect.


10. 


11.3 Sample Preparation


11.3.1 For refrigerated or samples arriving to the laboratory cold, ensure the
samples have come to room temperature prior to conducting sample
analysis by allowing the samples to warm on the bench for at least 1 hour.


11.3.2 Prepare a 10.0 mL aliquot of surrogate fortified sample which can be held
for direct manual injection or used to fill an autosampler vial.  Add 20 uL
of the surrogate solution (7.5) to a 20 mL disposable plastic micro beaker. 
Using a 10.0 mL disposable pipet, place exactly 10.0 mL of sample into
the micro beaker and mix.  Sample is now ready for analysis.


11.3.2.1 The less than 1% dilution error introduced by the addition of the
surrogate is considered insignificant.


11.4 Using a Luer lock, plastic 10 mL syringe, withdraw the sample from the  micro
beaker and attach a 0.45 um particulate filter (demonstrated to be free of ionic
contaminants) directly to the syringe.  Filter the sample into an autosampler vial
(If vial is not designed to automatically filter) or manually load the injection loop
injecting a fixed amount of well mixed sample.  If using a manually loaded
injection loop, flush the loop thoroughly between sample analysis using sufficient
volumes of each new sample matrix.  


11.5 Using a 2 mm column, inject 10 uL (Part A) or 50 uL (Part B) of each sample. 
Using a 4 mm column, inject 40 uL (Part A) or 200 uL (Part B) of each sample. 
Tabulate peak area responses against the concentration.  During this procedure,
retention times must be recorded.  Use the same size loop for standards and
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samples.  Record the resulting peak size in area units.  An automated constant
volume injection system may also be used. 


 
11.6 The width of the retention time window used to make identifications should be


based upon measurements of actual retention time variations of standards over the
course of a day.  Three times the standard deviation of a retention time can be
used to calculate a suggested window size for each analyte.  However, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms. 


 
11.7 If the response of a sample analyte exceeds the calibration range, the sample may


be diluted with an appropriate amount of reagent water and reanalyzed.  If this is
not possible then three new calibration concentrations must be employed to create
a separate high concentration curve, one standard near  the estimated
concentration and the other two bracketing around an interval equivalent to ±
25% the estimated concentration.  The latter procedure involves significantly
more time than a simple sample dilution therefore, it is advisable to collect
sufficient sample to allow for sample dilution or sample reanalysis, if required.


 
11.8 Shifts in retention time are inversely proportional to concentration.  Nitrate,


phosphate and sulfate will exhibit the greatest degree of change, although all
anions can be affected.  In some cases this peak migration may produce poor
resolution or make peak identification difficult.  


11.9 Should more complete resolution be needed between any two coeluting peaks, the
eluent (7.2) can be diluted.  This will spread out the run, however, and will cause
late eluting anions to be retained even longer.  The analysts must verify that this
dilution does not negatively affect performance by repeating and passing all the QC
criteria in Section 9.  As a specific precaution, upon dilution of the carbonate
eluent, a peak for bicarbonate may be observed within the retention time window
for bromate which will negatively impact the analysis.


11.9.1 Eluent dilution will reduce the overall response of an anion due to
chromatographic band broadening which will be evident by shortened
and broadened peaks.  This will adversely effect the MDLs for each
analyte.


12. DATA ANALYSIS AND CALCULATIONS
 


12.1 Prepare a calibration curve for each analyte by plotting instrument response, as
peak area, against standard concentration.  Compute sample concentration by
comparing sample response with the standard curve.   If a sample has been
diluted, multiply the response by the appropriate dilution factor.


12.2 Report ONLY those values that fall between the lowest and the highest
calibration standards.  Samples with target analyte responses exceeding the
highest standard should be diluted and reanalyzed.  Samples with target analytes
identified but quantitated below the concentration established by the lowest
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calibration standard  should be reported as below  the minimum reporting limit
(MRL).


 
12.3 Report results for Part A anions in mg/L and for Part B anions in ug/L. 


 
12.4 Report NO2


-  as N
NO3


-  as N
HPO4


= as P
Br- in mg/L when reported with Part A 
Br- in ug/L when reported with Part B 


13. METHODS PERFORMANCE
 


13.1 Tables 1A, 1B, and 1C give the single laboratory (OW OGWDW TSC-
Cincinnati) retention times, standard conditions and MDL determined for each
anion included in the method.  MDLs for the Part A anions were determined in
reagent water on the 2 mm column (Table 1A).  MDLs for the Part B anions were
conducted not only in reagent water but also a simulated high ionic strength water
(HIW) on the 2 mm column (Table 1B) and in reagent water on the 4 mm column
(Table 1C).  HIW is designed to simulate a high ionic strength field sample.  It
was prepared from reagent water which was fortified with the common anions of
chloride at 100 mg/L, carbonate at 100 mg/L, nitrate at 10.0 mg/L as nitrogen,
phosphate at 10.0 mg/L as phosphorous, and sulfate at 100 mg/L.


     13.2 Tables 2A and 2B give the single laboratory (OW OGWDW TSC-Cincinnati)
standard deviation for each anion included in the method in a variety of waters for
the standard conditions identified in Table 1A and 1B, respectively.


13.3 Tables 3A and 3B shown stability data for the Part A and B anions, respectively. 
Each data point in these tables represent the mean percent recovery following
triplicate analysis.  These data were used to formulate the holding times shown in
Sect. 8.3.


14. POLLUTION PREVENTION


14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation.  Numerous opportunities
for pollution prevention exist in laboratory operation.  The EPA has established a
preferred hierarchy of environmental management techniques that places pollution
prevention as the management option of first choice.  Whenever feasible,
laboratory personnel should use pollution prevention techniques to address their
waste generation.  When wastes cannot be feasibly reduced at the source, the
Agency recommends recycling as the next best option.


14.2 Quantity of the chemicals purchased should be based on expected usage during its
shelf life and disposal cost of unused material.  Actual reagent preparation
volumes should reflect anticipated usage and reagent stability.
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14.3 For information about pollution prevention that may be applicable to  laboratories
and research institutions, consult "Less is Better: Laboratory Chemical
Management for Waste Reduction," available from the American Chemical
Society's Department of Government Regulations and Science Policy, 1155 16th
Street N.W., Washington D.C. 20036, 
(202) 872-4477.  


15. WASTE MANAGEMENT 


15.1 The Environmental Protection Agency requires that laboratory waste
management practices be conducted consistent with all applicable rules and
regulations.  Excess reagents, samples and method process wastes should be
characterized and disposed of in an acceptable manner.  The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all
releases from  hoods and bench operations, complying with the letter and spirit of 
any waste discharge permit and regulations, and by complying with all solid and
hazardous waste regulations, particularly the hazardous  waste identification rules
and land disposal restrictions.  For further information on waste management
consult the "Waste Management Manual for Laboratory Personnel," available
from the American Chemical Society at the address listed in Sect. 14.3.
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17. TABLES, DIAGRAMS, FLOWCHARTS AND VALIDATION DATA


TABLE 1A.  CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION
                      LIMITS IN REAGENT WATER FOR THE COMMON ANIONS (PART
A).


MDL DETERMINATION


ANALYTE PEAK # (1)
RETENTION TIME


(MIN.)


Fort Conc,
mg/L


Number 
of


Replicates


DI
MDL
mg/L


Fluoride 1 2.53 0.020 7 0.009


Chloride 2 4.67 0.020 7 0.004


Nitrite-N 3 6.01 0.010 7 0.001


Surrogate:  DCA 4 7.03


Bromide 5 8.21 0.040 7 0.014


Nitrate-N 6 9.84 0.010 7 0.008


ortho-Phosphate-P 7 11.98 0.040 7 0.019


Sulfate 8 13.49 0.040 7 0.019


Standard Conditions:


Ion Chromatograph: Dionex DX500
Columns : Dionex AG9-HC / AS9-HC, 2 mm
Detector: Suppressed Conductivity Detector, Dionex CD20 
Suppressor: ASRS-I, external source electrolytic mode, 100 mA current
Eluent: 9.0 mM Na2CO3


Eluent Flow: 0.40 mL/min
Sample Loop: 10 uL


System Backpressure: 2800 psi
Background Conductivity: 22 uS


Recommended method total analysis time: 25 minutes


(1)  See Figure 1
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TABLE 1B. CHROMATOGRAPHIC CONDITIONS AND METHOD
DETECTION LIMITS IN BOTH REAGENT WATER AND HIGH
IONIC STRENGTH WATER FOR THE INORGANIC
DISINFECTION BY-PRODUCTS (PART B).


MDL DETERMINATION


ANALYTE PEAK # (1)
RETENTION


TIME
(MIN.)


Fort
Conc,
ug/L


Number 
of


Replicates


DI
MDL
ug/L


HIW(2)


MDL
ug/L


Chlorite 1 3.63 2.00 7 0.89 0.45


Bromate 2 4.19 2.00 7 1.44 1.28


Surrogate:
DCA


4 7.28


Bromide 5 8.48 2.00 7 1.44 2.51


Chlorate 6 9.28 2.00 7 1.31 0.78


Standard Conditions:


Ion Chromatograph: Dionex DX500
Columns : Dionex AG9-HC / AS9-HC, 2 mm
Detector: Suppressed Conductivity Detector, Dionex CD20 
Suppressor: ASRS-I, external source electrolytic mode, 100 mA current
Eluent: 9.0 mM Na2CO3


Eluent Flow: 0.40 mL/min
Sample Loop: 50 uL


System Backpressure: 2800 psi
Background Conductivity: 22 uS


Recommended method total analysis time: 25 minutes


(1)  See Figure 2 and 3


(2) HIW indicates High Ionic Strength Water which is a simulated drinking water prepared
from reagent water and fortified with chloride at 100 mg/L, carbonate at 100 mg/L,
nitrate at 10.0 mg/L as nitrogen, phosphate at 10.0 mg/L as phosphorous, and sulfate at
100 mg/L.
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TABLE 1C. CHROMATOGRAPHIC CONDITIONS AND METHOD
DETECTION LIMITS IN REAGENT WATER FOR THE
INORGANIC DISINFECTION BY-PRODUCTS USING AN
ALTERNATE 4 mm AS9-HC COLUMN (PART B).


MDL DETERMINATION


ANALYTE PEAK #
RETENTION


TIME
(MIN.)


Fort
Conc,
ug/L


Number 
of


Replicates


DI
MDL
ug/L


Chlorite 1 4.43 2.00 7 1.44


Bromate 2 5.10 2.00 7 1.32


Surrogate:
DCA


4 8.82


Bromide 5 10.11 2.00 7 0.98


Chlorate 6 10.94 2.00 7 2.55


Standard Conditions:


Ion Chromatograph: Dionex DX500
Columns : Dionex AG9-HC / AS9-HC, 4 mm
Detector: Suppressed Conductivity Detector, Dionex CD20 
Suppressor: ASRS-I, external source electrolytic mode, 300 mA current 
Eluent: 9.0 mM Na2CO3


Eluent Flow: 1.25 mL/min
Sample Loop: 200 uL


System Backpressure: 1900 psi
Background Conductivity: 21 uS


Recommended method total analysis time: 25 minutes
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TABLE 2A. SINGLE-OPERATOR PRECISION AND RECOVERY FOR THE
COMMON
                         ANIONS (PART A).


ANALYTE MATRIX


UNFORT
MATRIX
CONC.,


mg/L


FORT
CONC
mg/L


#
OF


REPLC
MEAN
mg/L


MEAN
%REC SD(n-1) %RSD


Fluoride RW <MDL(1) 2.00 9 1.79 89.7 0.02 1.18
SW 0.139 2.00 9 1.75 80.4 0.01 0.56
GW 0.280 2.00 9 1.97 84.3 0.02 0.85


CDW 0.807 2.00 9 2.59 89.0 0.01 0.46
Chloride RW 0.029 50.0 9 49.4 98.7 0.03 0.10


SW 12.1 50.0 9 58.7 93.3 0.04 0.10
GW 56.6 50.0 9 100. ---(2) 0.22 0.22


CDW 16.0 50.0 9 64.9 97.8 0.11 0.16
Nitrite-N RW <MDL 1.00 9 0.851 85.1 0.00 0.51


SW <MDL 1.00 9 0.780 78.0 0.00 0.40
GW 0.013 1.00 9 0.879 86.6 0.01 0.77


CDW <MDL 1.00 9 0.720 72.0 0.00 0.55
Bromide RW <MDL 0.500 9 0.480 96.1 0.00 0.92


SW 0.028 0.500 9 0.469 88.1 0.00 0.94
GW 0.153 0.500 9 0.634 96.3 0.00 0.52


CDW <MDL 0.500 9 0.431 86.2 0.01 1.28
Nitrate-N RW <MDL 10.0 9 9.50 95.0 0.01 0.14


SW 2.12 10.0 9 10.9 87.7 0.03 0.30
GW 0.016 10.0 9 9.64 96.3 0.03 0.27


CDW 1.64 10.0 9 10.9 92.4 0.04 0.41
Phosphate-P RW <MDL 10.0 9 9.62 96.2 0.01 0.14


SW <MDL 10.0 9 8.70 87.0 0.02 0.18
GW <MDL 10.0 9 6.12 61.2 0.28 4.66


CDW <MDL 10.0 9 9.15 91.5 0.04 0.42
Sulfate RW <MDL 50.0 9 44.8 89.5 0.05 0.11


SW 47.8 50.0 9 92.1 88.6 0.21 0.23
GW 105 50.0 9 154 ---(2) 0.60 0.39


CDW 57.8 50.0 9 105 ---(2) 0.33 0.32
Surrogate: RW ---- 5.00 9 5.12 102.3 0.50 0.49


SW ---- 5.00 9 5.09 102.3 1.12 1.09
GW ---- 5.00 9 5.16 101.8 0.67 0.66


CDW ---- 5.00 9 5.17 103.1 1.36 1.32


RW = Reagent Water GW =  Ground Water
SW = Surface Water CDW = chlorine dioxide treated finished drinking water 


(1) <MDL indicates less than method detection limit.
(2) Not calculated since amount fortified was less than unfortified native matrix concentration


(See 9.4.1.1.).
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TABLE 2B. SINGLE-OPERATOR PRECISION AND RECOVERY FOR THE
INORGANIC DISINFECTION BY-PRODUCTS (PART B).


ANALYTE MATRIX


UNFORT
CONC.
ug/L


FORT
CONC
ug/L


#
OF


REPLC
MEAN
ug/L


MEAN
%REC SD(n-1) %RSD


Chlorite RW <MDL(1) 100 9 96.2 96.2 0.95 0.99
500 9 523 105 3.13 0.60


HIW <MDL 100 9 102 102 2.19 2.15
500 9 520 104 3.64 0.70


SW <MDL 100 9 91.4 91.4 1.22 1.33
500 9 495 99.0 7.54 1.52


GW <MDL 100 9 92.9 92.9 1.65 1.77
500 9 490 98.1 3.40 0.69


ClW <MDL 100 9 87.4 87.4 0.59 0.68
500 9 485 97.1 6.36 1.31


CDW 292 100 9 396 ---(2) 1.64 0.41
500 9 811 104 4.00 0.49


O3W <MDL 100 9 84.4 84.4 0.46 0.54
500 9 481 96.1 3.24 0.67


Bromate RW <MDL 5.00 9 5.04 101 0.45 8.86
25.0 9 26.5 106 1.71 6.47


HIW <MDL 5.00 9 4.88 97.5 0.95 19.5
25.0 9 25.6 102 1.37 5.37


SW <MDL 5.00 9 4.46 89.2 0.58 13.0
25.0 9 26.3 105 1.10 4.18


GW <MDL 5.00 9 5.10 102 0.50 9.75
25.0 9 22.2 88.9 1.29 5.81


ClW <MDL 5.00 9 4.63 92.6 0.77 16.7
25.0 9 25.1 100 1.64 6.55


CDW <MDL 5.00 9 4.14 82.7 0.62 15.1
25.0 9 25.1 101 1.28 5.09


O3W 1.45 5.00 9 5.49 80.9 0.61 11.1
25.0 9 24.1 90.6 1.13 4.69


 RW =  Reagent Water GW =  Groundwater
HIW =  High Ionic strength Water ClW =   Chlorinated drinking water 


 [see note (2) in Table 1B] CDW = Chlorine dioxide treated drinking water
SW =  Surface Water O3W =  Ozonated drinking water


(1) <MDL indicates less than method detection limit.
(2) Not calculated since amount fortified was less than unfortified native matrix concentration (See


9.4.1.1.).







300.1-31


TABLE 2B.  SINGLE-OPERATOR PRECISION AND RECOVERY FOR THE INORGANIC
                     DISINFECTION BY-PRODUCTS (PART B) (contd.).


ANALYTE MATRIX


UNFORT
CONC.
ug/L


FORT
CONC
ug/L


#
OF


REPLC
MEAN
ug/L


MEAN
%REC SD(n-1) %RSD


Bromide RW <MDL(1) 20.0 9 20.9 104 0.80 3.82
100 9 107 107 0.60 0.56


HIW 3.24 20.0 9 21.8 92.5 0.79 3.63
100 9 105 102 1.05 1


SW 31.0 20.0 9 51.3 ---(2) 0.97 1.9
100 9 140. 109 1.88 1.35


GW 151 20.0 9 172 ---(2) 0.78 0.45
100 9 265 ---(2) 2.18 0.82


ClW 16.3 20.0 9 39.3 115 0.64 1.62
100 9 125 109 2.00 1.6


CDW 11.5 20.0 9 34.4 115 0.76 2.22
100 9 125 113 1.24 0.99


O3W 39.8 20.0 9 65.4 ---(2) 3.67 5.61
100 9 153 113 1.00 0.65


Chlorate RW <MDL 100 9 98.3 98.3 0.80 0.82
500 9 520 104 4.15 0.8


HIW <MDL 100 9 86.1 86.1 1.47 1.7
500 9 502 100. 4.52 0.9


SW 3.18 100 9 102 98.3 1.57 1.55
500 9 513 102 7.11 1.39


GW <MDL 100 9 93.5 93.5 2.00 2.14
500 9 510 102 3.84 0.75


ClW 34.4 100 9 136 102 1.01 0.74
500 9 549 103 3.11 0.57


CDW 121 100 9 223 ---(2) 3.20 1.44
500 9 651 106 3.50 0.54


O3W 6.15 100 9 106 100 1.20 1.13
500 9 523 103 2.45 0.47


RW  =   Reagent Water GW    = Groundwater
HIW =  High Ionic strength Water ClW   =  Chlorinated drinking water 


  [see note (2) in Table 1B] CDW  = Chlorine dioxide treated drinking water
SW  =   Surface Water O3W  = Ozonated drinking water


(1) <MDL indicates less than method detection limit.
(2) Not calculated since amount fortified was less than unfortified native matrix concentration (See


9.4.1.1.).







300.1-32


TABLE 2B. SINGLE-OPERATOR PRECISION AND RECOVERY FOR THE INORGANIC
DISINFECTION BY-PRODUCTS (PART B)(contd.).


ANALYTE MATRIX


FORT
CONC
mg/L


#
OF


REPLC
MEAN
mg/L


MEAN
%REC SD(n-1) %RSD


Surrogate: DCA RW 5.00 9 5.11 102 0.93 0.91
(see NOTE below) 4.98 99.5 0.69 0.69


HIW 5.00 9 5.00 100 0.79 0.79
4.96 99.2 1.76 1.78


SW 5.00 9 4.95 98.9 0.70 0.7
4.99 99.8 1.60 1.61


GW 5.00 9 5.12 102 0.50 0.49
5.13 103 0.50 0.49


ClW 5.00 9 5.15 103 1.73 1.68
5.13 103 1.12 1.09


CDW 5.00 9 5.01 100 1.02 1.02
5.04 101 1.08 1.07


O3W 5.00 9 4.99 99.8 0.70 0.7
5.11 101 0.53 0.52


  RW = Reagent Water  GW =  Groundwater
HIW = High Ionic strength Water  ClW =  Chlorinated drinking water 


[see note (2) in Table 1B] CDW = Chlorine dioxide treated drinking water
SW = Surface Water O3W = Ozonated drinking water


NOTE: The surrogate DCA was fortified at 5 mg/L but due to concerns about measuring trace
concentrations of bromide with such high concentration of the neighboring surrogate
peak, the recommended fortified concentration for the surrogate has been reduced to
1.00 mg/L.
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TABLE 3A. STABILITY STUDY RESULTS FOR THE COMMON ANIONS (PART A).


ANALYTE Preservative Matrix


UNFORT
CONC.
mg/L


FORT
CONC
mg/L


Analyte % Recovery


Day
0


Day
14


Day
28


See
Note


Fluoride None RW <MDL 2.00 89.8 88.3 88.4
SW 0.140 2.00 79.9 80.2 80.0
GW 0.280 2.00 84.7 87.8 87.0
CDW 0.929 2.00 82.9 83.6 81.6


Chloride None RW <MDL 50.0 98.8 99.1 98.1
SW 12.0 50.0 93.4 93.5 92.8
GW 56.6 50.0 87.6 87.6 86.5
CDW 16.0 50.0 97.9 98.4 97.8


Nitrite-N None RW <MDL 1.00 85.2 85.5 83.6
SW <MDL 1.00 77.8 76.6 11.9 (1)
GW <MDL 1.00 88.2 85.4 56.1 (1)
CDW <MDL 1.00 71.9 71.7 73.9 (2)


Bromide None RW <MDL 0.500 95.5 97.0 96.2
SW 0.028 0.500 87.5 88.3 86.7
GW 0.153 0.500 96.9 96.0 96.1
CDW <MDL 0.500 85.7 87.1 89.2 (2)


Nitrate-N None RW <MDL 10.0 94.9 94.7 94.2
SW 2.12 10.0 87.6 87.0 88.7
GW <MDL 10.0 96.5 96.5 95.5
CDW 1.64 10.0 92.3 93.3 91.9


Phosphate-P None RW <MDL 10.0 96.3 95.8 95.2
SW <MDL 10.0 86.9 86.4 85.1
GW <MDL 10.0 62.8 93.1 89.5 (3)
CDW <MDL 10.0 91.6 91.4 90.8


Sulfate None RW <MDL 50.0 89.6 89.3 89.1
SW 47.8 50.0 89.0 89.0 88.1
GW 105 50.0 97.5 97.3 96.5
CDW 57.8 50.0 94.3 94.9 93.8


NOTES:
(1) Degradation apparent.
(2) Analyte recovery will be adversely effected by reactions with free chlorine.
(3) Phosphate recovery on day 0 is believed to have been adversely effected by biological


degradation since the sample sat in the autosampler for 18 hrs prior to analysis
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TABLE 3B STABILITY STUDY RESULTS FOR THE INORGANIC DISINFECTION BY-
PRODUCTS  (PART B).


ANALYTE Preservative Matrix


UNFORT
CONC.
ug/L


FORT
CONC
ug/L


Analyte % Recovery


Day
0


Day
3


Day
10


Day
30


See
Note


Chlorite None RW <MDL 500 99.8 100 104 94.3
HIW <MDL 500 99.3 98.5 106 89.3
SW <MDL 500 92 88.5 82. 75.1 (1)
GW <MDL 500 93.9 94.5 96. 91.7
ClW <MDL 500 93.7 NA(1) 90. 84.7 (2,3)
CDW 286 500 98.6 101 91. 77.5 (1,3)
O3W <MDL 500 10 NA 82. 90.5 (2)


Chlorite EDA RW <MDL 500 101 101 104 95.3
HIW <MDL 500 98.4 98.7 104 95.4
SW <MDL 500 98.3 97.3 97. 92.7
GW <MDL 500 97.7 97.1 97. 92.6
ClW <MDL 500 98.9 NA 96. 92.6 (2)
CDW 297 500 103 107 102 94.5
O3W <MDL 500 105 NA 96. 91.9 (2)


Bromate None RW <MDL 25.0 93.6 94.1 110 96.1
HIW <MDL 25.0 100 86.0 105 87.7
SW <MDL 25.0 98.7 95.1 105 102
GW <MDL 25.0 79.4 92.4 77. 82.2
ClW <MDL 25.0 102 NA 101 103 (2)
CDW <MDL 25.0 104 96.8 98. 92.1
O3W 2.27 25.0 87.3 NA 84. 99.9 (2)


Bromate EDA RW <MDL 25.0 97.3 95.3 99. 102
HIW <MDL 25.0 86.9 86.1 107 91.2
SW <MDL 25.0 100 104 103 94.9
GW <MDL 25.0 83.2 101 88. 88.3
ClW <MDL 25.0 105 NA 101 102 (2)
CDW <MDL 25.0 117 97.3 98. 83.9
O3W 2.32 25.0 92.6 NA 84. 88.9 (2)


See bottom of next page for explanation of notes
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TABLE 3B.  STABILITY STUDY RESULTS FOR THE INORGANIC DISINFECTION
BY-PRODUCTS (PART B)(contd.)


ANALYTE Preservative Matrix


UNFORT
CONC.
ug/L


FORT
CONC
ug/L


Analyte % Recovery


Day
0


Day
3


Day
10


Day
30


See
Note


Bromide None RW <MDL 100 99.4 97.2 107 101
HIW <MDL 100 102 103 105 105
SW 30.6 100 102 97.1 107 99.1
GW 149 100 97.7 95.3 109 100
ClW 4.73 100 8.9 NA(1) 37. 11.4 (2,3)
CDW <MDL 100 5.78 23.1 38. 51.3 (3)
O3W 30.4 100 98.3 NA 120 108 (2)


Bromide EDA RW <MDL 100 98.4 98.6 107 100
HIW <MDL 100 104 103 106 105
SW 30.5 100 99.5 98.2 107 100
GW 149 100 100 97 114 97.7
ClW 11.9 100 101 NA 115 97.4 (2,3)
CDW 6.14 100 101 96.5 119 110 (3)
O3W 31.0 100 97.3 NA 122 102 (2)


Chlorate None RW <MDL 500 102 102 105 97.4
HIW <MDL 500 96.5 97.8 101 95.4
SW 5.84 500 99.8 97.8 100 96
GW <MDL 500 99.5 98.7 101 99.8
ClW 37.8 500 102 NA 104 98.2 (2)
CDW 125 500 102 99.9 104 99.6
O3W 8.34 500 100 NA 103 97.3 (2)


Chlorate EDA RW <MDL 500 104 98.6 103 97.3
HIW <MDL 500 97.3 103 100 95
SW 6.70 500 99.7 98.2 99. 95.6
GW <MDL 500 102 97 101 99.3
ClW 38.2 500 101 NA 102 96.1 (2)
CDW 123 500 102 96.5 105 97.7
O3W 8.62 500 98.4 NA 103 96.4 (2)


NOTES:
(1) Degradation in the unpreserved matrix is apparent.
(2) NA indicates "NOT ANALYZED" 
(3) Analyte recovery will be adversely effected by reactions with free chlorine.
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Figure 1. Chromatogram showing separation of the Part A common anions on the AS9-HC column.  
See Table 1A for analysis conditions.
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Figure 2 Chromatogram showing separation of the Part B inorganic DBPs and bromide on the AS9-HC
column.  See Table 1B for analysis conditions.
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Figure 3. Chromatogram of the inorganic DBPs and bromide (Part B) during the MDL determination in
reagent water.  See Table 1B for analysis conditions.
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Figure 4. Chromatogram of the inorganic DBPs and bromide (Part B) in high ionic strength water (HIW).  See
Table 1B for analysis conditions.
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METHOD 415.3
  DETERMINATION OF TOTAL ORGANIC CARBON AND SPECIFIC UV ABSORBANCE


AT 254 nm IN SOURCE WATER AND DRINKING WATER


1.0 SCOPE AND APPLICATION


1.1 This method provides procedures for the determination of total organic carbon (TOC),
dissolved organic carbon (DOC), and UV absorption at 254 nm (UVA) in source
waters and drinking waters.  The DOC and UVA determinations are used in the
calculation of the Specific UV Absorbance (SUVA).  For TOC and DOC analysis, the
sample is acidified and the inorganic carbon (IC) is removed prior to analysis for
organic carbon (OC) content using a TOC instrument system.  The measurements of
TOC and DOC are based on calibration with potassium hydrogen phthalate (KHP)
standards.  This method is not intended for use in the analysis of treated or untreated
industrial wastewater discharges as those wastewater samples may damage or
contaminate the instrument system(s).


 
1.2 The three (3) day, pooled organic carbon detection limit (OCDL) is based on the


detection limit (DL) calculation.1  It is a statistical determination of precision, and
may be below the level of quantitation.  The determination of OCDL is dependent on
the analytical instrument system’s precision, the purity of laboratory reagent water
(LRW), and the skill of the analyst.  Different TOC instrument systems have
produced significantly different OCDLs that range between 0.02 and 0.12 mg/L OC
for both TOC and DOC measurements.  Examples of these data can be seen in
Section 17, Table 17.1.  It should be noted that background levels of OC
contamination are problematic.  The minimum reporting level (MRL) for TOC and 
DOC will depend on the laboratory’s ability to control background levels (Sect. 4).


2.0 SUMMARY OF METHOD


2.1 In both TOC and DOC determinations, organic carbon in the water sample is oxidized
to produce carbon dioxide (CO2), which is then measured by a detection system. 
There are two different approaches for the oxidation of organic carbon in water
samples to carbon dioxide gas: (a) combustion in an oxidizing gas and (b) UV
promoted or heat catalyzed chemical oxidation with a persulfate solution.  Carbon
dioxide, which is released from the oxidized sample, is detected by a conductivity
detector or by a nondispersive infrared (NDIR) detector.  Instruments using any
combination of the above technologies may be used in this method.


2.2 Settleable solids and floating matter may cause plugging of valves, tubing, and the 
injection needle and/or injection port.  The TOC procedure allows the removal of
settleable solids and floating matter.  The suspended matter is considered part of the
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sample.  The resulting water sample is then considered a close approximation of the
original whole water sample for the purpose of TOC measurement.


 
2.3 The DOC procedure requires that the sample be passed through a 0.45-µm filter prior


to analysis to remove particulate OC from the sample.


2.4 The TOC and DOC procedures require that all IC be removed from the sample before
the sample is analyzed for organic carbon content.  If the IC is not completely
removed, significant error will occur.  The sample, which is then free from IC
interference, is injected into a TOC instrument system.  The organic carbon is
oxidized to CO2, which is released from the sample, detected, and reported as mg/L or
ppm TOC or DOC.


2.5 The UVA procedure requires that the sample be passed through a 0.45-µm filter and 
transferred to a quartz cell.  It is then placed in a spectrophotometer to measure the
UV absorbance at 254 nm and reported in cm-1.


2.6 The SUVA calculation requires both the DOC and UVA measurement.  The SUVA is
calculated by dividing the UV absorbance of the sample (in cm-1) by the DOC of the
sample (in mg/L) and then multiplying by 100 cm/M.  SUVA is reported in units of
L/mg-M.  The formula for the SUVA may be found in Section 12.2.


3.0 DEFINITIONS AND TERMS
NOTE: To assist the reader, a table of acronyms can be found in Section 3.20.


3.1 ANALYSIS BATCH - A set of samples prepared and analyzed on the same
instrument during a 24-hour period.  For a TOC/DOC analysis batch, the set may
contain: calibration standards, laboratory reagent blank and/or filter blanks, field
blank, field samples, laboratory fortified matrix sample, field duplicate sample, and
continuing calibration check standards.  For a UVA analysis batch, the set may
contain: filter blanks, field samples, field blank, field duplicate sample, and
spectrophotometer check solutions with associated blank.  An analysis batch is
limited to 20 field samples.  QC samples are not counted towards the 20 sample limit. 
QC requirements are summarized in Table 17.6.


3.2 BLANKS - Prepared from a volume of LRW (Sect. 3.9) and used as needed to fulfill
quality assurance requirements and to monitor the analytical system.


3.2.1 CALIBRATION BLANK (CB) - The calibration blank is a volume of LRW
that is treated with the same reagents used in the preparation of the calibration
standards.  The CB is a “zero standard” and is used to calibrate the TOC
instrument.  The CB is made at the same time as the calibration standards and
stored along with and under the same conditions as the calibration standards.
The CB is also used to monitor increases in organic background found in the
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calibration standards over time by analyzing it as a sample and comparing the
results with initial analysis of the CB. 


3.2.2 FIELD REAGENT BLANK (FRB) - A volume, equivalent to that which is
collected at a sample site, of LRW is placed in a sample bottle or vial.  A
second empty sample bottle or vial accompanies the LRW sample container to
the sample site.  At the sample site, the LRW is transferred into the empty
bottle or vial which then becomes the FRB.  The FRB is treated as a sample in
all respects including shipment from the sampling site, exposure to the
sampling site conditions, storage, preservation, and all analytical procedures. 
The purpose of the FRB is to determine if the TOC, DOC, and UVA
measurements of the samples collected in the field are free from interferences
or contamination as a result of the sample collection procedure and/or
transport of the sample(s) to the laboratory.  The FRB is optional and is
usually used when the laboratory suspects a problem in sample collection and
handling.


3.2.3 FILTER BLANK (FB) - The FB is an aliquot of LRW that is filtered and
analyzed using the same procedures as field samples undergoing DOC and
UVA determinations.  For DOC and UVA analyses, the FB serves as the LRB. 
The FB will give an indication of overall contribution of organic carbon
contamination from laboratory sources such as the LRW itself, labware
cleaning procedures, reagents, the filter apparatus, filter, and instrument
system(s).


3.2.4 LABORATORY REAGENT BLANK (LRB) - A volume of LRW that is
prepared with each sample set and is treated exactly as a TOC sample
including exposure to all glassware, plasticware, equipment, and reagents that
are used with other samples.  The LRB is used to determine if organic
contamination or other interferences are present in the laboratory environment,
reagents, apparatus, or procedures.  The LRB must be acidified and sparged
following the same procedure as is used to prepare the TOC sample(s). 


3.3 CALIBRATION SOLUTIONS - Calibration should be performed according to the
manufacturer’s operation manual.  The following solutions are used to calibrate the
TOC instrument system for TOC or DOC determinations (calibration solutions are
not used for UVA determination): 


3.3.1 ORGANIC CARBON PRIMARY DILUTION STANDARD (OC-PDS) - A
concentrated solution containing potassium hydrogen phthalate (KHP) in
LRW water that is prepared in the laboratory or is an assayed KHP standard
solution purchased from a commercial source.  The OC-PDS is used for the
preparation of organic carbon calibration standards (OC-CAL), continuing
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calibration check standards (CCC), and laboratory fortified matrix samples
(LFM). 


3.3.2 ORGANIC CARBON CALIBRATION STANDARD (OC-CAL) - A solution
prepared from the OC-PDS and diluted with LRW to various concentrations. 
The OC-CAL solutions are used to calibrate the instrument response with
respect to organic carbon concentration.


3.3.3 CONTINUING CALIBRATION CHECK (CCC) - An OC-CAL solution
which is analyzed periodically to verify the accuracy of the existing calibration
of the instrument (Sect. 10.3).


3.4 DISSOLVED ORGANIC CARBON (DOC) - Organic matter, contained in a water
sample that is soluble and/or colloidal, that can pass through a 0.45-µm filter.


3.5 FIELD DUPLICATES (FD1 and FD2) - Two separate samples collected at the same
time and place under identical circumstances, and treated exactly the same throughout
field and laboratory procedures.  Analyses of FD1 and FD2 give a measure of the
precision associated with sample collection, preservation, and storage, as well as
laboratory procedures.


3.6 INORGANIC CARBON (IC) - Carbon in water samples from non organic sources,
composed mainly from dissolved mineral carbonates and carbon dioxide.  IC can
interfere with the determination of TOC and DOC if it is not removed.


3.7 LABORATORY FORTIFIED BLANK (LFB) – An aliquot of LRW or other blank
matrix to which a known quantity of KHP is added in the laboratory.  The LFB is
subjected to the same preparation and analysis as a sample.  The purpose of the LFB
is to determine whether the methodology is in control, and whether the laboratory is
capable of making accurate and precise measurements.  For this method, a TOC LFB
is the same as a CCC (Sect. 10.3) and no additional LFB is required.  One LFB is
required with each DOC analysis batch.  No LFB is required for UVA analysis. 


3.8 LABORATORY FORTIFIED SAMPLE MATRIX (LFM) - An aliquot of a field 
sample to which a known quantity of KHP is added in the laboratory.  The LFM is
subjected to the same preparation and analysis as a sample, and its purpose is to
determine whether the sample matrix affects the accuracy of the TOC or DOC
analytical results.  The background concentration of organic carbon in the sample
matrix must be determined in a separate aliquot and the measured value in the LFM
corrected for background concentration.


3.9 LABORATORY REAGENT WATER (LRW) - The LRW may be distilled and/or
deionized (DI) water, or high pressure liquid chromatography (HPLC) reagent grade
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or equivalent water which is low in TOC concentration, meeting the requirements as
stated in Section 7.2.


3.10 MATERIAL SAFETY DATA SHEET (MSDS) - Written information provided by a
vendor describing a chemical’s toxicity, health hazards, physical and chemical
properties (flammability, reactivity, etc.), storage, handling, and spill precautions.


3.11 MINIMUM REPORTING LEVEL (MRL) - The minimum concentration of organic
carbon that can be reported as a quantified value in a sample following analysis.  This
concentration is determined by the background level of the analyte in the LRBs and
the sensitivity of the method to organic carbon.  See Section 9.10 for guidelines in the
establishment of the MRL. 


3.12 ORGANIC CARBON DETECTION LIMIT (OCDL) - The calculated minimum
concentration of a known amount of organic carbon (OC) added to the LRW that can
be identified, measured as either TOC or DOC, and reported with 99% confidence
that the OC concentration is greater than zero as per the procedure in Section 9.2.7.


3.13 ORGANIC CARBON (OC) - In this method, when a concentration or instrument
reading applies to either a TOC or DOC determination, the term “OC” may be used. 
For example, the LRB must not exceed 0.35 mg/L OC. 


3.14 ORGANIC MATTER - A mixture of organic compounds (carbon-carbon, carbon-
hydrogen bonded compounds) naturally occurring and/or man-made that are found in
source water used by drinking water utilities.  The quantity and quality of the OM in
source water is measured by TOC/DOC instrument systems or is measured by UVA.


3.15 QUALITY CONTROL SAMPLE (QCS) - A solution containing a known
concentration of an organic carbon compound(s) which is analyzed exactly like a
sample.  The QCS is obtained from a source external to the laboratory and is different
from the source used for preparing the calibration standards.  It is used to check
laboratory and instrument performance.


3.16 SOURCE WATER - Surface water or ground water that is used by a drinking water
utility to produce potable water for public consumption.


3.17 SPECIFIC UV ABSORBANCE AT 254 nm (SUVA) - A measure of DOC aromatic
content that is calculated by measuring the DOC and the UV absorbance at 254 nm of
a 0.45-µm filtered water sample.  SUVA is calculated according to the equation given
in Section 12.2.


3.18 TOTAL CARBON (TC) - A measure of the OC and IC contained in a water sample. 
In this method, IC is removed from the sample.  Therefore, the TC reported by a TOC
instrument system will be equal to the TOC or DOC measurement.
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3.19 TOTAL ORGANIC CARBON (TOC) - The gross amount of organic matter (carbon
not removed by the IC removal step) found in natural water.  Suspended particulate,
colloidal, and dissolved organic matter are a part of the TOC measurement.  For this
method, the TOC definition excludes the contribution of floating vegetative or animal
matter, and volatile organic matter found in source water.  Settleable solids consisting
of inorganic sediments and some organic particulate are not transferred from the
sample by the laboratory analyst and are not a part of the TOC measurement.


3.20 TABLE OF ACRONYMS


Acronym Term


CB calibration blank


CCC continuing calibration check


COMM-BKS
commercial spectrophotometer background
solution


COMM-SCS
commercial spectrophotometer check
solution


DOC dissolved organic carbon


FB filter blank


FD field duplicate


FRB field reagent blank


IC inorganic carbon


IDC initial demonstration of capability


KHP potassium hydrogen phthalate


LFB laboratory fortified blank


LFM laboratory fortified matrix


LRB laboratory reagent blank


LRW laboratory reagent water


MRL minimum reporting level


MSDS material safety data sheet


OC-CAL organic carbon calibration standard







Acronym Term
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OC-PDS organic carbon primary dilution standard


OCDL organic carbon detection limit


QCS quality control sample


SCS spectrophotometer check solution


SDWA Safe Drinking Water Act


SOP standard operating procedure


SUVA specific UV absorbance


TC total carbon


TOC total organic carbon


UVA UV absorbance


 
4.0 CONTAMINATION AND INTERFERENCES


4.1 SPECIAL CONSIDERATIONS FOR ONSITE UTILITY LABORATORIES -
Aerosols (foam and mist) from the operation of a water treatment plant contain 
organic carbon and will contaminate glassware, reagents, sample collection
equipment, and onsite laboratory equipment if they are exposed to air at the water
utility.  For an onsite laboratory, it is recommended that air be filtered and isolated
from organic fumes generated by petroleum products and combustion gases which
come from the operation of some water utility equipment.  Work traffic in the onsite
laboratory should be minimized as it may produce dust containing organic matter that
will result in the contamination of unprotected samples and laboratory equipment.


4.2 All glassware must be meticulously cleaned.  Wash glassware with detergent and tap
water, rinse with tap water followed by reagent water.  Non-volumetric glassware may
then be heated in a muffle furnace at 425 oC for 2 hours to eliminate interferences. 
Volumetric glassware should not be heated above 120 oC.  Alternate cleaning
procedures, such as acid rinsing and heating at lower temperatures, may be employed,
providing that these procedures are documented in a laboratory SOP and LRBs are
monitored as per Section 9.9.


4.3 Laboratory water systems have been known to contaminate samples due to bacterial
breakthrough from resin beds, activated carbon, and filters.  Laboratory water systems
should be maintained and monitored frequently for carbon background and bacterial
growth.  It is recommended that the LRW be filtered through a 0.22-µm filter
membrane to prevent bacterial contamination of TOC instrument systems, reagents,
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and samples.  The LRW, sample transfer (pipet), glassware, and sample bottles are the
principle source for organic background in the analytical system.  However, it is not
possible to control all sources of organic carbon contamination.  Therefore, this
method allows for instrument background correction or adjusting the zero reference
point of the instrument for organic carbon background that is found in the analytical
system. 2  There are many ways to correct for organic carbon background.  Consult the
instrument manufacturer’s operation manual for the instrument background correction
procedure.  Subtraction of LRB or FB measurements from TOC, DOC, or UVA
sample results is not allowed.


4.4 High concentrations of OC, both man-made and naturally occurring, can cause gross
contamination of the instrument system, changes in calibration, and damage to valves,
pumps, tubing, and other components.  It is recommended that analysis of a sample
known to have a concentration of OC > 10 mg/L OC be followed by the analysis of an
LRB.  It is highly recommended that known samples containing OC concentrations  
> 50 mg/L OC be diluted or not run on instruments used to analyze low-level drinking
water samples. 


4.5 Source waters containing ionic iron, nitrates, nitrites, and bromide have been reported
to interfere with measurements of UVA absorbance at 254 nm. 3  The concentration of
the interferences and their effect on the UVA cannot be determined as each unique
sample matrix may produce a different UVA response for the same concentration of
interference or combination of interferences.  This method does not treat or remove
these interferences.  Therefore, suspected or known interferences may affect results
and must be flagged in the SUVA result as “suspected UVA interferences.”


4.6 Chloride exceeding 250 mg/L may interfere with persulfate oxidation methods.4, 5  
Some instrument systems may require increased persulfate concentration and
extended oxidation times.  Consult with your instrument manufacturer’s
representative or instrument operation manual for instrument settings and reagent
strengths when analyzing samples containing high levels of chloride.


4.7 Inorganic carbon (IC) interferes with TOC and DOC measurements.  TOC instrument
bias due to incomplete IC removal has been reported.6, 7  If inorganic carbon is not
completely removed from the water sample, it will result in a positive or negative bias
depending on the way the instrument system calculates TOC (e.g., TOC =TC - IC, 
TC = TOC + IC, or TOC = TC).  When inorganic carbon (IC) is removed from the
sample prior to the TOC assay, as required in this method, TOC = TC and the method
bias is minimized.


5.0 SAFETY


5.1 Fast-moving source water, steep inclines, water conduits, and electrical hazards may
present special safety considerations for the sample collector.  The sample collector
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should be aware of any potential safety hazards and take necessary precautions while
collecting samples. 


5.2 Each chemical reagent used in this method should be regarded as a potential health
hazard.  Exposure to these compounds should be minimized and/or avoided by active
participation in safety planning and good laboratory practices.8  Each laboratory is
responsible for maintaining a current awareness file of OSHA regulations9 regarding
the safe handling of the chemicals specified in this method.  Material Safety Data
Sheets (MSDS) containing information on chemical and physical hazards associated
with each chemical should be made available to all personnel involved in the
chemical analysis.


5.3 Potassium persulfate is a strong oxidizing and corrosive reagent.  The analyst should
avoid eye and skin contact by wearing eye/face protection, powderless gloves and
laboratory clothing.  If body tissue comes in contact with this reagent, apply large
quantities of water for at least 15 minutes (see MSDS) while removing contaminated
clothing.  This reagent may cause delayed burns.  Seek immediate medical attention if
the area becomes irritated or burned.  This reagent can also cause a fire or explosion if
it is allowed to come in contact with combustible materials.  


5.4 Protect your hands by wearing laboratory disposable gloves during the preparation
and disposal of corrosive (acids and oxidants) laboratory reagents.  Do not reuse
laboratory gloves that have been discarded or are suspected of being contaminated.


6.0 EQUIPMENT AND SUPPLIES  
NOTE: Brand names, and/or catalog numbers are included for illustrative purposes
only.  No endorsement is implied.  Equivalent performance may be achieved using
apparatus, instrument systems, and reagents other than those that are illustrated
below.  The laboratory is responsible for the assurance that alternate products,
apparatus, instrument systems, and reagents demonstrate equivalent performance as
specified in this method.


6.1 FILTER APPARATUS - Nalgene® or Corning® 250 mL Filter System, 0.45-µm
Nylon (NYL) or Polyethersulfone (PES) Low Extractable Membrane/Polystyrene
Body with optional glass fiber prefilters (nominal 1 to 7 um).  Packaging and filter
apparatus are recyclable (NALGE-NUNC International: Nalgene Labware CAT.
numbers NYL: 153-0045, PES: 168-0045).  It is recommended that filter membranes
be hydrophilic 0.45-µm filter material.  


NOTE: Alternate filter membranes (e.g., polypropylene, silver or Teflon®), apparatus
technologies such as cartridges, reusable filter bodies, syringe filters, and their
associated syringes, peristaltic pumps or vacuum pumps may be selected.  The
complexity of an alternative filter apparatus is left to the analyst’s ingenuity
providing that the apparatus meets quality control and initial demonstration of
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capability requirements as stated in Section 9.3.2, and that FB requirements are met
(Sect. 9.9).  It is recommended that the analyst review the AWWA journal article
“Selecting filter membranes for measuring DOC and UV254”, Karanfil, et. al.10, prior
to the selection of an alternative filter membrane, apparatus, and wash procedure. 
Karanfil tested 11 filter membranes (0.45-µm pore size and 47-mm disc size)
representing four different manufacturers and seven different types of filter materials
for both desorption and adsorption.  Hydrophilic polyethersulfone (PES) filters
available from two manufacturers (Osmonics Micro-PES and Gelman Supor 450,
both 0.45 micron absolute pore size and 47-mm disc size) and a hydrophilic
polypropylene filter (Gelman GH Polypro, 0.45 micron absolute pore size and 47-mm
disc size) were found to be the best options among those tested in the study. 


6.2 INJECTION VIALS - Specially cleaned 40-mL glass vials, with cap and
polytetrafluoroethylene (PTFE)/silicone septa.  Eagle-Picher TOC Certified, Cat. No.
40C-TOC/LL, Eagle-Picher Technologies®.  These vials are specially cleaned by the
manufacturing process and certified to contain < 10 µg TOC.  Vials may be reused if
cleaned as per Section 4.2.  The PTFE/silicone septa once pierced by the sample
injector must be discarded. 


6.3 INSTRUMENT SYSTEMS - The TOC and UVA procedures allow for the use of
several different types or combinations of TOC instrumental system technologies.
Examples of typical TOC instrument systems, as well as a UV spectrophotometer, are
described below.  Data from these instruments may be found in Section 17.  Only one
TOC instrument is required to perform this method.


6.3.1 TOC INSTRUMENT 1: UV/Persulfate/Wet Oxidation with
Permeation/Conductivity Detection.  The Ionics-Sievers® 800 TOC analyzer
is based on UV catalyzed persulfate digestion to produce CO2, which is
detected by a membrane permeation/conductivity detector. 


6.3.2 TOC INSTRUMENT 2: Elevated Temperature/Catalyzed/Persulfate/Wet
Oxidation/Nondispersive Infrared Detection (NDIR).  The O.I. Analytical®
TOC Model 1010 is based on elevated temperature (95-100°C) catalyzed
persulfate digestion to produce CO2, which is then detected by an NDIR
detector.


6.3.3 TOC INSTRUMENT 3: UV/Low Temperature/Persulfate/Wet
Oxidation/NDIR.  The Tekmar-Dohrmann® Phoenix 8000 TOC analyzer is
based on UV catalyzed persulfate digestion to produce CO2, which is then
detected by an NDIR detector.


6.3.4 TOC INSTRUMENT 4: Catalyzed/Combustion Oxidation(680 °C)/NDIR. 
The Shimadzu® model TOC-5000A analyzer is based on a catalyzed
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combustion in air or oxygen reagent gas to produce CO2, which is then
detected by an NDIR detector.


6.3.5 TOC INSTRUMENT 5: High Temperature Combustion Oxidation/NDIR. 
The Thermo Environmental® ThermoGlasTM 1200 TOC is based on a dual
zone furnace with individually adjustable ovens from 700 to 1250 °C for final
high temperature combustion of the sample with air or oxygen reagent gas to
produce CO2, which is then detected by an NDIR detector.


6.3.6 UV SPECTROPHOTOMETER: The spectrophotometer is used for the UVA
determination only.  The spectrophotometer must be able to measure UVA
(254 nm), with an absorbance from 0.0045 to at least 1.0 cm-1 UVA, and
accommodates a sample cell with a path length of 1, 5, or 10 cm.


6.4 LABORATORY REAGENT WATER TREATMENT SYSTEM - The LRW used for
the development of this method was generated using a Millipore®, Milli-Q Plus
Ultra-Pure Water Treatment System with a 0.22-µm sterile pack filter capable of
producing organic carbon free (< 0.010 mg/L OC), ultrapure deionized water.11  The
maximum amount of OC allowed in the LRW for this method is 0.35 mg/L.  When
purchasing a treatment system for general laboratory use, it is recommended that a
system be purchased capable of producing LRW of the above stated quality in order
to be of use in other laboratory analyses. 


6.5 MUFFLE FURNACE - A muffle furnace capable of heating up to 425 °C. 


6.6 FIELD SAMPLE pH TEST - Sample pH indicator test strips, non-bleeding
(colorpHast® Indicator Strips 0 - 2.5, cat. 9580), EM Science, 480 Democrat Road,
Gibbstown, N.J. 08027.  Pocket pH test kits, pocket pH meters, or laboratory pH
meters are acceptable for field sample pH measurements. 


6.7 PIPET, DISPOSABLE TRANSFER - Large volume bulb (15mL), non-sterile, with
flexible long stem polyethylene transfer pipet.  “Sedi-Pet ™”, Fisher Scientific® Cat. 
13-711-36.  Pipets are used for sample transfer from the middle of a sample bottle
containing floating material (scum).


6.8 SAMPLE COLLECTION REAGENT BOTTLES - Specially cleaned, 1-L Boston
round glass bottles with cap.  Eagle-Picher TOC Certified, Cat. No. 112-01A/C TOC,
Eagle-Picher Technologies, LLC.  These bottles are specially cleaned by the
manufacturing process and certified to meet EPA OSWER Directive # 9240.0-05A
“Specifications And Guidance For Contaminant-Free Sample Containers 12/92.” 
Amber bottles are preferred, but clear glass bottles may be used if care is taken to
protect samples from light.  The laboratory may select glass bottles of any volume that
meet the utility and laboratory sample processing and quality control sampling needs. 
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Glass bottles may be reused after cleaning (see Sect. 4.2 for glassware cleaning
instructions) or discarded. 


6.9 SPARGE APPARATUS - N-EVAPTM, Nitrogen Evaporator System Model 111,
Organomation Associates Inc.  This apparatus is not used for its originally designed
purpose of evaporating sample extracts.  In this method, the apparatus is used as a
sparging device.  The stainless steel needles of the apparatus are lowered into the 40-
mL sample vials containing the TOC or DOC samples to remove inorganic carbon by
sparging with nitrogen gas. 


Alternately, some TOC auto-samplers provide a pre-sparging or membrane IC
removal option prior to injection of the sample into the TOC instrument system.  The
analyst is encouraged to utilize these instrument options, if available.  Another
alternative is for the laboratory analyst to fabricate a sparging apparatus.  For
example, an apparatus may consist of copper tubing from a regulated gas source,
connected to a needle valve used for gas flow control, a length of silicone tubing with
a glass Pasteur pipet inserted into the tubing and a ring stand with clamp for
positioning the pipet.  The Pasteur pipet is inserted into the sample bottle or vial to
remove inorganic carbon by sparging with nitrogen gas (Sect. 11.5).  The complexity
of the alternative sparging apparatus is left to the analyst’s ingenuity providing that
the apparatus meets quality control and initial demonstration of capability (IC
removal test) requirements as stated in Section 9.2.4. 


6.10 VACUUM SOURCE - Aspirator, air flow or water flow, hand-operated or low
pressure electric vacuum pump, providing a vacuum of 15 inches of mercury (Hg) or
better.  If an alternative choice is made, see note in Section 6.1.


6.11 VARIABLE PIPETTES - Programable automated pipettes.  Rainin Instrument®
EDP-Plus Pipette 10ml, Cat. No. EP-10 mL; EDP-Plus Pipette 1000 µL, Cat. No. EP-
1000; EDP-Plus Pipette 100 µL, Cat. No. EP-100, or manual variable pipets with
disposable tips having a calibrated range of 0 to 100-µL, 0 to 1000-µL, and 0 to 10
mL.


6.12 VOLUMETRIC FLASK AND PIPETS - All volumetric glassware used in this
method are required to be “Class A”.


6.13 WAVELENGTH VERIFICATION FILTER SET- Wavelength verification may be
provided by the instrument manufacturer, a scientific instrument service company, or
if this not practical, wavelength verification may be made by the laboratory using
certified spectrophotometric filter sets with values traceable to NIST.  Fisher
Scientific Cat. No. 14-385-335, Spectronic No. 333150.
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7.0 REAGENTS AND STANDARDS
NOTE: The chemicals required for this method must be at least reagent grade. 
Unless otherwise indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American Chemical
Society (ACS) and/or ACS certified, when available.  Some instrument manufacturers
provide reagents specifically prepared for the optimum performance of their TOC
instruments and provide calibration services and/or calibration standards.  The
analyst is allowed to use these services or prepare reagents and/or standards
according to the instrument manufacturer’s operation manual.


7.1 COMPRESSED GASES – Carbon dioxide free Ultra High Purity (UHP) grade
nitrogen gas or an optional Ultra-low level TOC gas delivery system.  For combustion
based TOC systems, zero grade air and UHP grade oxygen may be needed.  The use
of lesser grades of compressed gases will result in high background noise in the TOC
instrument systems.  The TOC Instrument 1 described in Section 6.3.1. does not
require compressed gasses for operation.


7.2 LABORATORY REAGENT WATER (LRW) - Water that has a TOC reading of     
< 0.35 mg/L and < 0.01 cm-1 UVA.  Although the LRW TOC and UVA limits in this
method are 0.35 mg/L and 0.01 cm-1, respectively, the system specified in Section 6.4
is capable of producing better quality organic carbon free, ultrapure deionized water. 
For optimum performance, it is recommended that LRW with < 0.05 mg/L TOC and 
< 0.0045 cm-1 UVA be used for this method.  Alternatively, LRW may be purchased
(ACS HPLC grade or equivalent).


7.3 DISODIUM HYDROGEN PHOSPHATE, [Na2HPO4, CAS# 7558-79-4] -
Anhydrous, ACS grade or better.


7.4 O-PHOSPHORIC ACID (85%), [H3PO4, CAS# 7664-38-2] - ACS grade or better.


7.5 POTASSIUM DIHYDROGEN PHOSPHATE, [KH2PO4, CAS# 7778-77-0]-
Anhydrous, ACS grade or better.


7.6 POTASSIUM HYDROGEN PHTHALATE (KHP), [C8H5O4K, CAS# 877-24-7] -
Anhydrous, ACS grade or better.


7.7 REAGENT SOLUTIONS FOR WET CHEMICAL OXIDATION - It is assumed that
each instrument manufacturer has optimized reagent solutions for their respective
instruments and has provided the instructions for the preparation of reagents in the
instrument’s operation manual.  NOTE: TOC Instrument 1 does not require gas
sparge of reagents as the manufacture provides reagent packs for the operation of the
instrument.
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7.7.1 PERSULFATE REAGENT - Prepare this solution according to the instrument
manufacturer’s instructions or purchase the solution from the instrument
manufacturer.  If the laboratory prepares the solution, transfer the solution to
the instrument reagent bottle and cap.  It is recommended that this solution be
sparged gently with carbon dioxide free UHP grade nitrogen gas for
approximately 1 hour.  If the instrument system provides continuous sparge, it
is recommended that the reagent bottles be allowed to sparge for 10 minutes to
1 hour before operating the instrument.  Self contained reagent packs or other
types of reagent systems may not require reagent sparging.  Discard the
solution as per expiration time/date listed in the manufacturer’s operation
manual. 


7.7.2 PHOSPHORIC ACID SOLUTION - Prepare this solution according to the
instrument manufacturer’s instructions or purchase the solution from the
instrument manufacturer.  If the laboratory prepares the solution, transfer the
solution to the instrument reagent bottle and cap.  It is recommended that this
solution be sparged gently with carbon dioxide free UHP grade nitrogen gas
for approximately 1 hour.  If the instrument system provides continuous
sparge, it is recommended that the reagent bottles be allowed to sparge for 10
minutes to 1 hour before operating the instrument.  Self contained reagent
packs or other types of reagent systems may not require reagent sparging.  
Discard the solution as per expiration time/date listed in the manufacturer’s
operation manual.


7.8 STANDARD SOLUTIONS
NOTE: Consult with the instrument manufacturer or operation manual for the
recommended concentrated acid used for preservation of standard solutions.  The
concentrated acid used to preserve the standards is usually HCl, H2SO4, or H3PO4


depending upon the instrument operation manual recommendation.  The acid used for
the standards must be the same as the one used for the samples.  Standard solutions
may be alternatively prepared in larger or smaller volumes and concentrations as
needed for the calibration of instruments.  Standard solutions may be prepared by
gravimetric or volumetric techniques.  This section provides guidance for the
preparation of calibration solutions.  


7.8.1 INORGANIC CARBON PRIMARY TEST SOLUTION (IC-TEST)
REAGENTS


7.8.1.1 AMMONIUM CHLORIDE, [NH4Cl, CAS# 12125-02-9] - ACS grade
or better.


7.8.1.2 CALCIUM CHLORIDE DIHYDRATE, [CaCl2 C 2H2O, CAS# 10035-
04-8] - ACS grade or better.
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7.8.1.3 CALCIUM NITRATE TETRAHYDRATE, [Ca(NO3)2 C 4H2O, CAS#
13477-34-4] - ACS grade or better.


7.8.1.4 MAGNESIUM SULFATE HEPTAHYDRATE, [MgSO4 C 7H2O,
CAS# 10034-99-8] - ACS grade or better.


7.8.1.5 POTASSIUM CHLORIDE, [KCl, CAS# 7447-40-7] - ACS grade or
better.


7.8.1.6 SODIUM BICARBONATE, [NaHCO3, CAS# 144-55-8] - ACS grade
or better.


7.8.1.7 SODIUM CHLORIDE, [NaCl, CAS# 7647-14-5] - ACS grade or
better.


7.8.1.8 SODIUM-META SILICATE NONAHYDRATE, [Na2SiO3 C 9H2O,
CAS# 13517-24-3] 


7.8.1.9 SODIUM PHOSPHATE DIBASIC HEPTAHYDRATE, [Na2HPO4 C
7H2O, CAS# 7782-85-6] - ACS grade or better.


7.8.2 PREPARATION OF THE IC-TEST SOLUTION, 100 MG/L IC - This
solution is used in the performance of the IC removal sparging efficiency test
(Sect. 9.2.4 ).  The ionic content of the IC-TEST mixture solution was chosen
from a previous investigation in which the authors wanted to simulate waters
likely to be found in waste treatment plants.12  Because the inorganic salts are
not soluble in a single concentrated solution, prepare four separate stock
solutions by diluting each of the following to one liter with LRW: 
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FLASK
(1 L)


SALT WEIGHT
(g)


A magnesium sulfate heptahydrate, MgSO4 C 7H2O 2.565


B ammonium chloride, NH4Cl 0.594


calcium chloride dihydrate, CaCl2 C 2H2O 2.050


calcium nitrate tetrahydrate, Ca(NO3)2 C 4H2O 0.248


potassium chloride, KCl 0.283


sodium chloride, NaCl 0.281


C sodium bicarbonate, NaHCO3 2.806


sodium phosphate dibasic heptahydrate, Na2HPO4 C 7H2O 0.705


D sodium-meta silicate nonahydrate, Na2SiO3 C 9H2O 1.862


Prepare a 102.5 mg/L IC-TEST mixture, based on bicarbonate calculations
and impurities, by adding a 10-mL aliquot of each of the above solutions to a
40-mL vial.  Add 40 µL of H3PO4, HCl, or H2SO4, depending upon instrument
requirements (see note, Sect. 7.8), to the 40-mL injection vial.  An IC-TEST
mixture of approximately 100 mg/L was chosen to represent the extreme
inorganic carbon concentration the analyst may encounter.  Although the
mixture is turbid after preparation, clarification occurs after acidification.


7.8.3 ORGANIC CARBON PRIMARY DILUTION STANDARD (OC-PDS), 500
mg/L (1 mL = 0.5 mg OC) - Prepare an acid preserved (pH #2) OC-PDS by
pouring approximately 500 mL of LRW into a 1-liter volumetric flask, adding
1 mL of concentrated acid for preservation (see note, Sect. 7.8), carefully
transferring 1.063 g KHP into the LRW, stirring until it is dissolved, and then
diluting to the mark with LRW (1.0 mg KHP = 0.471 mg Organic Carbon). 
Transfer this solution to a marked amber glass reagent bottle and cap for
storage.  This solution does not require refrigeration for storage and is stable
for an indefinite period of time (6 months to a year).  Replace the OC-PDS if
the instrument system fails to pass the QCS requirements (Sect. 9.11).


7.8.4 ORGANIC CARBON CALIBRATION (OC-CAL) - At least 4 calibration
concentrations and the CB (i.e., a minimum of 5 total calibration points) are
required to prepare the initial calibration curve.  Prepare the calibration
standards over the concentration range of interest from dilutions of the OC-
PDS.  The calibration standards for the development of this method were
prepared as specified in the table below.  Calibration standards must be
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prepared using LRW preserved to pH # 2 with concentrated acid (see note,
Sect. 7.8).  Filtration of the CAL standards for DOC analysis is unnecessary,
since interferences from the filtration unit are monitored via the FB. 
Therefore, the OC-CAL may be applied to TOC or DOC determinations.  The
OC-CAL standards must be sparged, or otherwise treated for IC removal, like
a sample following the procedure in Section 11.5. 


PREPARATION OF CALIBRATION (OC-CAL) CURVE STANDARDS


CAL


 Level


Initial Conc. of


OC-PDS


(mg/L)


Vol. of 


OC-PDS


(mL)


Final Vol. of


 OC-CAL Std.


(mL)


Final Conc. of


OC- CAL Std.


(mg/L)


CB – 0 1000 – 


1 500 1.0 1000 0.5


2 500 2.0 1000 1.0


3 500 4.0 1000 2.0


4 500 10.0 1000 5.0


5 500 20.0 1000 10.0


6 * 500 5.0 100 25.0


7 * 500 10.0 100 50.0


* Note: OC-CAL 6 - 7 are optional calibration standards for use when
operating the instrument in a higher concentration range.


The calibration blank (CB) is a “0.0 mg/L OC ” standard which approximates
zero mg/L OC concentration plus the background carbon contributed from the
LRW.  The CB is stored and treated the same as all other calibration
standards.  When analyzed, the CB must not exceed 0.35 mg/L TOC.


7.8.5 Calibration standards may be stored at room temperature in amber glass
bottles (Sect. 6.8) and/or in a dark cabinet (if clear glass used) for a period of
30 days.  If stored OC-CALs are used to recalibrate the instrument during this
30 day period, the CB which has been stored with the OC-CALs must be
analyzed as a sample prior to recalibration.  The CB must not exceed 0.35
mg/L OC.  If the CB does not meet this criteria, the CB and OC-CALs may
have absorbed OC from the laboratory atmosphere and must be discarded.  


7.9 COMMERCIAL SPECTROPHOTOMETER CHECK SOLUTION (COMM-SCS) -
The laboratory may use a commercially prepared COMM-SCS for the purpose of
checking the performance of the spectrophotometer.  The analyst should purchase the
COMM-SCS in the absorbance range that is commonly observed for the samples
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analyzed.  The IN-SPEC™ optical standard and background solution for a 254 nm
spectrophotometric check is NIST traceable, and is available from GFS Chemicals,
PO Box 245, Powell, Ohio 43065.


7.9.1 COMMERCIAL SPECTROPHOTOMETER BACKGROUND SOLUTION
(COMM-BKS) - A background solution provided by the COMM-SCS
provider that is used to correct for stabilizing agents present in the COMM-
SCS.


7.10 LABORATORY PREPARED KHP-SPECTROPHOTOMETER CHECK
SOLUTIONS (KHP-SCS) - The laboratory may elect to prepare a KHP based
spectrophotometer check solution (KHP-SCS) for the purpose of checking the
performance of the spectrophotometer at the absorbance of the average UVA sample. 
This requires the preparation of a buffered KHP solution having a known
concentration and a known absorbance at 254 nm.  The analyst should prepare the
KHP-SCS that will provide an absorbance similar to the absorbance in the range (low,
mid, high) of the sample analyzed.  NOTE: If the phosphate buffer reagents used
below have been exposed to laboratory humidity, it is recommended that potassium
dihydrogen phosphate (KH2PO4) and disodium hydrogen phosphate (Na2HPO4) be
dried for 1 hour at 105°C.


7.10.1 KHP-SCS-BLANK - Prepare a 1-L volumetric flask containing approximately
500 mL of LRW.  Transfer and dissolve 4.08 g anhydrous KH2PO4 and 2.84 g
anhydrous Na2HPO4 in 500 mL.  Dilute to the mark with LRW and transfer to a
1-L amber glass bottle.


7.10.2 KHP-SCS - Prepare the KHP-SCS that will provide an absorbance similar to
the absorbance of the samples analyzed.  Prepare a 1-L volumetric flask
containing approximately 500 mL of LRW.  Transfer and dissolve 4.08 g
anhydrous KH2PO4 and 2.84 g anhydrous Na2 HPO4 into the 500 mL of LRW. 
From the example calculation, or table located below (Sect. 7.10.2.1), transfer
the amount of OC-PDS (in mL) needed to produce the representative
absorbance of the sample into the buffered KHP-SCS and dilute with LRW to
the 1 L mark.


7.10.2.1 KHP-SCS, CONCENTRATION CALCULATION - Standard
Method 5910 B provides for a spectrophotometer check using a
correlation equation which was based on the analyses of 40-samples
of KHP solution. 3  The correlation formula is as follows: UV254 =
0.0144 KHP + 0.0018. This formula may be algebraically solved for
the concentration of KHP, expressed as mg/L OC, needed to
produce a KHP-SCS for the observed sample absorbance as
follows:
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KHP-OC conc. = (UV254 !0.0018) ' 0.0144


Using the calculated KHP-OC concentration, determine the amount
of OC-PDS (Sect. 7.8.3, 1 mL = 0.5 mg OC) needed to produce a
known absorbance for the KHP-SCS.  For example, if you typically
run samples that have an average UVA equal to 0.08 cm-1, you can
calculate the KHP in the following manner:


 5.431 KHP mg/L as OC = (0.08 cm-1 UVA254 !0.0018) ' 0.0144


The 5.431 mg/L is the same as 5.431 mg/L KHP.  It follows that to
produce a 1-L KHP-SCS solution having a UVA absorbance of 0.08
cm-1, you will need 10.9 mL of OC-PDS as calculated below:


(5.431 KHP-SCS mg/L)(1000mL/L) / 500 OC-PDS mg/L = 10.9 mL of OC-PDS


In summary, 10.9 mL OC-PDS is needed to make a 1-L KHP-SCS
solution that will have a UVA absorbance of 0.08 cm-1. 


Alternately, the following table, which is based on the above
calculation, can be used.  From this table, cross reference the
amount of the OC- PDS (in mLs) needed to produce the desired
UVA for the KHP-SCS.  Transfer the required amount of OC-PDS
into a 1-L flask and dilute to the mark with LRW.


KHP-SCS Preparation


UVA@254nm
(cm -1)


ORGANIC
CARBON (mg/L)


OC-PDS (mL
added per liter of


LRW)


0.0738 5 10


 0.1458 10 20


 0.2898 20 40


 0.4338 30 60


7.10.3 Verify that the KHP-SCS-BLANK and the KHP-SCS buffered solutions are at 
pH 7.  Check the pH by placing a drop from the SCS bottle onto pH test paper. 
Do not put the pH paper into the SCS bottle.  Placing the pH paper in the 
bottle will contaminate the sample with organic carbon.  If this happens, the
spectrophotometer check solution must be discarded and a new solution
prepared in a clean bottle.  If the buffered KHP-SCSs are not at a pH of 7, the
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solution must be discarded and a new solution made.  Store these solutions at
approximately < 6 °C.  These solutions are not preserved.  In a sterile
environment these solutions may be stable for a month.  However, the shelf life
of these solutions may be shortened as a result of microbial growth. Therefore,
it is recommended that the above solutions be made fresh weekly and/or be
replaced if any significant change in absorbance is noted. 


8.0 SAMPLE COLLECTION, FILTRATION, AND HOLDING TIMES
NOTE: Consult with the instrument manufacturer or operation manual for the
recommended type of concentrated acid used for preservation of TOC or DOC
samples.  The concentrated acid used to preserve the sample is usually HCl, H2SO4, or
H3PO4 depending upon the instrument operation manual recommendation.  The acid
used for the standards must be the same as the one used for the samples.  Samples for
DOC and UVA analyses may be filtered in the field using alternate apparatus
technologies such as cartridges, reusable filter bodies, syringe filters, and their
associated syringes, peristaltic pumps or vacuum pumps providing that the filter blank
requirements are met (Sect. 9.9). 


8.1 SUVA SAMPLE COLLECTION - SUVA is determined by the analysis of a DOC
sample and a UVA sample, together called the SUVA sample set.  A single sample
may be collected and split for the DOC and UVA analyses or two individual samples
may be collected at the same time.  For example: if the sample is to be determined by
two separate laboratories (i.e., one lab determines UVA and a second lab determines
the DOC), the sample collector may collect two representative samples for shipment. 
A 1-L volume is recommended for the collection of DOC and UVA samples, but other
volumes may be collected depending on the sample volume needed for the filtration
apparatus used by the analyzing laboratory.  The SUVA sample set is collected in clean
glass bottles by filling the bottle almost to the top.  The sample set is NOT preserved
with acid at the time of collection.  The sample set is delivered as soon as possible to
the laboratory and should arrive packed in ice or frozen gel packs.  The sample set is
processed by the laboratory and stored at < 6 °C, until analysis.  If there is no visible
ice or the gel packs are completely thawed, the laboratory should report these
conditions to the data user.  Samples shipped that are improperly preserved, and/or do
not arrive at the laboratory within 48 hrs, cannot be used to meet compliance
monitoring requirements under the Safe Drinking Water Act (SDWA). 


8.1.1 The DOC sample must be filtered in the field or in the laboratory within 48
hours of sample collection according to the procedure detailed in Section 11.4
prior to acidification and analysis.  After filtration, the DOC sample is acidified
with 1 mL of concentrated acid per 1 L of sample or the sample is preserved by
drop wise adjustment to a pH < 2 (Sect. 8.3).  The DOC bottle is capped and
inverted several times to mix the acid and is stored at < 6 °C.  The sample must
be analyzed within 28 days from time of collection.
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8.1.2 The UVA sample must be filtered in the field or in the laboratory according to
the procedure detailed in Section 11.4.  The sample used for the UVA
determination is not acidified.  The UVA bottle is capped and stored at < 6 °C
for up to 48 hours from the time of collection.  The UVA sample must be
analyzed within 48 hours from the time of collection.


8.2 TOC SAMPLE COLLECTION - The typical sample volume collected may vary from
40 mL to 1 L of sample.  It is recommended that the sample collector coordinate the
size of collection volume with the needs of the analytical laboratory.  If the TOC
sample is collected in a 40-mL injection vial, it is acidified to pH < 2 by adding 2
drops of concentrated acid.  If the TOC sample is collected in a 1-L bottle, 1 mL of
concentrated acid is added or the sample is drop wise adjusted to a pH < 2 (Sect. 8.3). 
TOC samples must be acidified at the time of collection.  Cap the bottle or injection
vial and invert several times to mix the acid.  The sample is delivered as soon as
possible to the laboratory and should arrive packed in ice or frozen gel packs.  If there
is no visible ice or the gel packs are completely thawed, the laboratory should report
the conditions to the data user.  Samples shipped that are improperly preserved, and/or
do not arrive at the laboratory within 48 hrs, cannot be used for compliance monitoring
under the SDWA.  The sample is stored at < 6 °C, until analysis.  Stored and preserved
samples must be analyzed within 28 days from time of collection.  


8.3 SAMPLE pH CHECK - The pH of the preserved sample (DOC, TOC only) or filtrate
should be checked to ensure adequate acidification for the preservation.  This should
only be performed by an adequately trained sample collector.  Check the pH by placing
a drop from the sample onto pH test paper.  Do not put the pH paper into the sample
bottle.  Placing the pH paper in the sample bottle will contaminate the sample with
organic carbon.  If this happens, the sample or filtrate must be discarded and a new
sample collected. 


9.0 QUALITY CONTROL


9.1 Each laboratory using this method is required to operate a formal quality control (QC)
program.  QC requirements for TOC include: the initial demonstration of laboratory
capability (IDC) followed by regular analyses of continuing calibration checks (CCC),
independent quality control samples (QCS), laboratory reagent blanks (LRB), field
duplicates (FD), and laboratory fortified matrix samples (LFM).  For this method, a
TOC laboratory fortified blank (LFB) is the same as a CCC (Sect. 10.3) and no LFB is
required.  QC requirements for DOC include: the IDC followed by regular analyses of
CCCs, QCSs, filter blanks (FB), LFB, FDs, and LFMs.


For laboratories analyzing both TOC and DOC samples, only the DOC IDC
determination is required, as it is similar to, yet more rigorous than, the TOC IDC. 
The IDC must be performed the first time a new instrument is used and/or when a new
analyst is trained. 
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QC requirements for UVA analysis include: the performance of the IDC followed by
the regular analysis of spectrophotometer check solutions (SCS), FBs, and FDs.  For
UVA analysis, no LFB or DL determination is required.


The control of instrument background is crucial prior to the performance of the IDC. 
It is required that a critical evaluation be made of the instrument background 2


associated with an instrument system before proceeding with the IDC.  Once an
acceptable instrument background is established, it is safe to proceed with the IDC. 


In summary, this section describes the minimum acceptable QC program, and
laboratories are encouraged to institute additional QC practices to meet their specific
needs.  The laboratory must maintain records to document the quality of the data
generated.  All users of this method are encouraged to write their own SOPs stating
exactly how their lab executes the method.  A summary of QC requirements can be
found in Tables 17.5 and 17.6.


9.2 INITIAL DEMONSTRATION OF CAPABILITY FOR TOC DETERMINATION


9.2.1 INITIAL DEMONSTRATION OF LOW SYSTEM BACKGROUND - Before
any samples are analyzed, and any time a new set of reagents is used, prepare a
laboratory reagent blank (LRB) and demonstrate that it meets the criteria in
Section 9.9.  


9.2.2 INITIAL INSTRUMENT CALIBRATION VERIFICATION - Prior to the
analysis of the IDC samples, calibrate the TOC instrument as per Section 10.2. 
Verify calibration accuracy with the preparation and analysis of a QCS as
defined in Section 9.11.


9.2.3 INITIAL ORGANIC CARBON FLOW INJECTION MEMORY CHECK -
Inject the highest OC-CAL used, followed by two injections of the LRB.  If the
first LRB is > 0.35 mg/L OC and the second LRB is in QC compliance (i.e.,    
< 0.35 mg/L OC), a memory problem is indicated.  Therefore, an LRB may
need to be placed after every sample.  If the instrument system provides a rinse
or system flush with LRB between injections, activate the event control settings
and repeat this section.  If the memory problem persists, then an LRB must be
placed after every sample.


9.2.4 INORGANIC CARBON REMOVAL SPARGING EFFICIENCY TEST-
Various sample sparge times (3-10 minutes) and sparging flow rates have been
reported for the removal of IC. 13  A multi-laboratory study reported large
variations and positive bias in analyses of solutions of standards containing
even small amounts of IC, demonstrating the importance of IC removal.14 
Since IC must be removed in order to reduce interferences with the TOC and
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DOC quantitation, an IDC of the IC removal is performed.  Please note: any
manipulation of the sample may inadvertently introduce organic carbon from
the apparatus.


Prepare an inorganic carbon mixture, IC-TEST solution, as specified in Section
7.8.2.  Using the procedure outlined in Section 11.5, sparge at least three
portions of the acidified IC-TEST solution in the same manner, and of the same
volume, as field samples will be sparged.  After the IC-TEST solution is treated
by the IC removal apparatus, analyze the solution as an LRB for OC.  The IC
removal apparatus must produce an acceptable IC-TEST by meeting the LRB
requirements as stated in Section 9.9.  These IC removal parameters are then
used for all subsequent samples.  


The sparging time recommended in Section 11.5.2 is based on a sparging study
with an N2 flow rate of approximately 200 mL/min and a pH of 2.0.  The
following inorganic carbon concentration reduction was observed after the
external sparging of a 40-mL IC-TEST solution:


IC REMOVAL SPARGE EFFICIENCY STUDY


sparging time (minutes) 0 5 10 15 20


concentration IC
(mg/L), measured as


OC interference
102.5 6.11 0.611 0.049 0.044


The LRB during the above study was < 0.05 mg/L, thus a 20-minute sparge
time ensured that no measurable organic carbon remained in the sample.  


The above sparge efficiency table should be used only as a guide.  The analyst
may find that a higher flow rate may reduce the time necessary to remove the
inorganic carbon to a level at or near the TOC measurements found in the LRB. 
The IC-TEST solution is also used to test alternate IC removal apparatus that
remove IC by internal chemical treatment, alternate sparging procedures,
and/or membrane IC removal.  Any alternative procedure or IC removal
apparatus must be tested using the IC-TEST solution and meet the LRB
requirements as stated in Section 9.9.


9.2.5 INITIAL DEMONSTRATION OF ACCURACY - The initial demonstration of
accuracy consists of the analysis of five (5) LFBs analyzed as samples at a
concentration between 2 to 5 mg/L OC.  If DOC analysis is being performed,
the LFB must be filtered according to the procedure in Section 11.4.  The
average recovery between 2 to 5 mg/L OC must be within ±20% of the true
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value.  If ±20% of the true value is exceeded, identify and correct the problem
and repeat Sections 9.2.5 and 9.2.6.


9.2.6 INITIAL DEMONSTRATION OF PRECISION - Calculate the average
precision of the replicates in the Initial Demonstration of Accuracy (Sect.
9.2.5).  The RSD% must be no greater than 20%.  If the RSD% exceeds 20%,
identify and correct the problem and repeat Sections 9.2.5 and 9.2.6.


9.2.7 ORGANIC CARBON DETECTION LIMIT (OCDL) DETERMINATION -
The OCDL determination must be conducted over at least three (3) days with a
minimum of seven (n=7) replicate LFB analyses.  Before conducting the initial
OCDL, the OC-CAL-1 standard is used to estimate the starting concentration
for the OCDL study.  If DOC analyses are being performed, the low-level LFBs
must be filtered according to procedure in Section 11.4 prior to analysis for the
OCDL.  If the instrument can easily detect the OC-CAL-1 standard, the analyst
should lower the concentration to a level so that the LFB produces a signal 2 to
5 times the background noise level of the instrument.  It is recommended that
the LFB be fortified somewhere between 0.1 to 0.5 mg/L OC.  All available
instrument digits are carried for the OCDL calculation.  After completion of the
OCDL, the calculation is rounded up or down according to Standard Methods,
1050 B.15  The final result is reported in units used for the TOC or DOC
procedure and recorded to two significant figures in the instrument log book. 
Calculate the OCDL using the equation:


Organic Carbon Detection Limit = St( n - 1,  1 -  alpha  =  0.99) 


where:


t(n-1,1-alpha = 0.99) = Student's t value for the 99% confidence level with n-1 degrees
of freedom (t = 3.14 for 7 replicates)
n = number of replicates, and
S = standard deviation of replicate analyses.


If the initial OCDL exceeds 0.35 mg/L or the mean recovery of the LFB used in
the OCDL determination exceeds + 50% of the true value, then the OCDL
determination must be repeated. 


9.3 INITIAL DEMONSTRATION OF CAPABILITY FOR DOC DETERMINATION


9.3.1  Perform Sections 9.2.1 through 9.2.4 as prescribed for TOC.  
 


9.3.2 INITIAL DEMONSTRATION OF FILTER MEMBRANE SUITABILITY -
Filter membranes are capable of affecting DOC and UVA analyses either by
desorption (leaching) of DOC and UV-absorbing materials from the filters to
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the samples, or by adsorption (uptake) of DOC and UV-absorbing materials
from the samples onto the filters.  Filter membranes selected for DOC and
UVA measurements must not desorb nor adsorb significant DOC and UV-
absorbing materials.  Desorption is minimized by pre-washing selected filters
as described in Section 9.3.2.2.  Adsorption is minimized by filtering a portion
of the sample to waste before sample collection as described in Section 9.3.2.3. 
Because the filtration of relatively turbid samples may cause filters to clog, pre-
filtration may be necessary and pre-filter preparation is described in Section
9.3.2.1.  Due to the possibility of lot-to-lot variations in the levels of
contamination or adsorption, it is recommended that for each filter lot, the user
determine the amount of LRW needed to wash the filters and the amount of
sample that needs to be filtered and discarded prior to collection of filtrate
(filter-to-waste volume).  A minimum of three filters (from each new lot)
should be cleaned and checked for desorption/adsorption prior to using the
filters for actual samples.  This evaluation must be repeated when filters are
purchased from another manufacturer or when the type of filter being used is
changed.


9.3.2.1 PRE-FILTER PREPARATION - If the analyst anticipates that the UVA
and DOC sample will clog the 0.45-µm pore size filter membrane
before enough filtrate can be collected, glass fiber pre-filters without
organic binders may be used.  Karanfil et al 10 suggested cleaning the
pre-filter by heating to 550 °C for one hour, cooling to room
temperature, then washing it with 500 mL of LRW.  A 25-mL filter-to-
waste volume (Sect. 9.3.2.3) was also recommended.  The pre-filters
must be demonstrated as acceptable using the procedures described
below in Sections 9.3.2.2 and 9.3.2.3.  Depending on the design of the
filter apparatus, the analyst may be able to insert a pre-filter into the
filter apparatus.  The pre-filter and filter apparatus could then be
washed as a unit, following the procedure in Section 9.3.2.2.  Prefilter
adsorption and desorption may also be tested separately from the filter
membrane.


9.3.2.2 FILTER CLEANING - UV-absorbing materials and DOC are removed
from the filter and filter apparatus by passing LRW through the filter. 
The volume of LRW required depends on the type and disc size of the
filter.  For the filter apparatus used to generate the data in this method,
three successive rinses of 250 mL each (for a total of 750 mL) removed
UV-absorbing materials and DOC that could leach from the filter and
apparatus.  (The Karanfil 10 study found that a 500 mL wash was
sufficient to prepare the 47-mm disk filters recommended in their study
for DOC samples and a wash of 100 mL was sufficient for filters used
solely to prepare UVA samples.)  Acceptable cleaning is demonstrated
by analyzing filter blanks (Sects. 11.4.3, 11.6) and meeting the criteria
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in Section 9.9.  The volume of LRW required to obtain acceptable filter
blanks is then used to clean filters for analyses of all samples (Sect.
11.4).  Filters that cannot be cleaned to meet the referenced criteria
must not be used in the preparation of DOC and UVA samples.


9.3.2.3 FILTER-TO-WASTE VOLUME DETERMINATION - In order to
minimize the loss of sample onto the filter by adsorption, a portion of
the sample must be used to saturate the adsorption sites on the filter
after it is cleaned according to Section 9.3.2.2.  The amount of sample
filtrate that must be discarded prior to collecting filtrate for DOC and/or
UVA analyses will vary depending upon the type and size of filter and
the volume should be minimized in order to prevent filter clogging.  A
25-mL filter-to-waste volume was recommended when using the
hydrophilic polyethersulfone and hydrophilic polypropylene filters of
47-mm disc size studied by Karanfil et al 10 based on evaluations using
low-turbidity model waters prepared from preconcentrated humic and
fulvic materials.  


In this method, a low-turbidity (i.e., TOC = DOC) finished water
sample can be used in the filter-to-waste determination.  For
laboratories that are analyzing samples from a variety of sources, the
selected water should have a TOC concentration in the range of 1 to 3
mg/L.  For laboratories that only analyze samples from one source, the
selected water should be a finished water with the lowest TOC that is
generally observed (NOTE: Depending on the quality of the source
water, this could be water with a TOC concentration much higher than
the 1 to 3 mg/L recommended for laboratories that are analyzing
samples from a variety of sources.)


A series of at least three filtrates are collected in separate containers for
the filter-to-waste volume determination.  The volume of each filtrate is
determined based on the minimum volume required to make an
analytical determination.  For example, if the DOC analysis requires 30
mL, then a series of at least three successive 30-mL filtrates should be
collected.  For UVA, three successive 10-mL filtrates can be collected. 
If DOC and UVA analyses are to be performed on the same filtrate,
then the volume of each filtrate should be adjusted to provide the
minimum volume necessary to accommodate both analyses (in the
above example, three successive 40-mL washes).


Each filtrate is analyzed according to the procedure in Section 11 and
the concentration is compared to the concentration of the unfiltered
sample.  When the concentration of the filtrate is within ± 15% of the
concentration measured in the unfiltered sample, then the recommended
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filter-to-waste volume is the sum of the volumes of that filtrate and any
previous filtrates in the series.  For example, if the unfiltered sample
has a TOC concentration of 3.5 mg/L and the filtrate series (each filtrate
= 30 mL) have concentrations of 2.3, 3.2, and 3.4 mg/L, then a
minimum of 60 mL of sample should be filtered-to-waste prior to
collecting filtrate for DOC analyses.  It is recommended that the filter-
to-waste volume be determined by performing this test on at least three
filters from each lot and averaging the results.  Filters that require
large volumes of filter-to-waste should be avoided, because they will
be more subject to clogging prior to the collection of the necessary
volume of filtrate for analysis.  The filter-to-waste volume that is
determined in this section must be used in the filtration procedure
described in Section 11.4.4.


9.3.3 Perform Sections 9.2.5 through 9.2.7 using filtered LFBs.  The LFBs must be
prepared using the same procedure used to prepare samples (Sect. 11.4).


9.4 INITIAL DEMONSTRATION OF CAPABILITY FOR UVA DETERMINATION


9.4.1 INITIAL CHECK OF SPECTROPHOTOMETER PERFORMANCE - The UV
Spectrophotometer must be checked annually for 0 % transmittance,
wavelength accuracy, stray radiant energy, accuracy and linearity, and optical
alignment.  It is recommended that the instrument performance be verified
through the manufacturer or a scientific instrument service company.  If
independent verification of performance is not feasible, the laboratory may
acquire a certified spectrophotometric filter set and conduct the evaluation. 
Wavelength verification is made using certified spectrophotometric filter sets
with values traceable to NIST.  Using the filter set, test two wavelengths
between 220 and 340 nm.  The instrument performance should be recorded in
the instrument log and be used to monitor the spectrophotometer performance
over time.  Follow the instrument manufacturer’s operation manual when
measuring the acceptable wavelength transmittance limits.


9.4.2 Verify the spectrophotometer performance according to the procedure as
outlined in Section 10.4.


9.4.3 Conduct the filter membrane suitability study described in Section 9.3.2 for
UVA.


9.5 CONTINUING CALIBRATION CHECK (CCC) - With each analysis batch, analyze a
Low-CCC at or below the MRL (Sect. 9.10) prior to TOC or DOC sample analysis. 
Subsequent CCCs are analyzed after every ten samples and after the last sample.  The
concentrations should be rotated to cover the instrument calibration range. A Mid-
CCC is required during every analysis batch.  Acceptance criteria are as follows: Low-
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CCC, + 50% of true value; Mid-CCC, + 20% of true value; High-CCC, + 15% of true
value, see Section 10.3 for concentrations.


9.6 FIELD DUPLICATE (FD) - Within each analysis batch, a minimum of one set of field
duplicates must be analyzed (FD1 and FD2).  Sample homogeneity and the chemical
nature of the sample matrix can affect analyte recovery and the quality of the data. 
Duplicate sample analyses serve as a check on sampling and laboratory precision. 
Two samples are collected at the field site and are treated exactly alike. 


9.6.1 Calculate the relative percent difference (RPD) for duplicate measurements
(FD1 and FD2) using the equation:


9.6.2 Relative percent difference for field duplicates having an average concentration
of > 2 mg/L OC should fall in the range of < 20% RPD.  If field duplicates in
this concentration range exhibit an RPD greater than 20%, results should be
flagged and the cause for the greater difference (e.g. incomplete IC removal or
matrix interference), investigated.  UVA readings should be < 10% RPD.  
NOTE: Greater variability may be observed for samples with OC approaching
the OCDL.  


9.7 LABORATORY FORTIFIED BLANK (LFB) - Within each DOC analysis batch,
analyze an aliquot of reagent water or other blank matrix which has been fortified with
KHP at a concentration of 1-5 mg/L OC.  Recovery for the LFB must be within ±20%
of the true value.  One LFB is required with each DOC analysis batch.  For the DOC
analysis, an LFB is subjected to the same preparation and analysis as a sample,
including filtration (Sect. 11.4).  The LFB is not determined for the TOC or UVA
measurements.


9.8 LABORATORY FORTIFIED MATRIX (LFM) - Within each TOC or DOC analysis
batch, an aliquot of one field sample is fortified with an aliquot of the OC-PDS (Sect.
7.8.3).  The spike concentration used should result in an increase in the LFM
concentration of 50 to 200% of its measured or expected concentration.  Over time,
samples from all routine sample sources should be fortified.  For DOC analysis, the
LFM is filtered prior to acidification and analysis.


9.8.1 Calculate the percent spike recovery (%REC) using the equation:
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where
A = measured concentration in the fortified sample
B = measured concentration in the unfortified sample,
and
C = fortification concentration.


9.8.2 Recoveries may exhibit a matrix dependence.  If the LFM recovery falls outside
of 70 to 130% for any fortified concentration, the analyst should suspect that
inorganic carbon was not properly removed (Sect. 11.5) from the sample or that
contamination or matrix interference exists (Sect. 4) and can not be removed. 
If the source of the poor recovery can not be identified, the analyst should label
the sample report “suspect/contamination or matrix interference” to inform the
data user that the sample data quality is questionable but should not be rejected. 
Failure to meet the recovery criteria after repeated sampling may suggest that
the sample matrix may need further study.


9.9 LABORATORY REAGENT BLANK (LRB) AND FILTER BLANK (FB) - Within
each analysis batch, a minimum of one LRB must be analyzed.  For DOC and UVA
analysis, the FB serves as the LRB.  If more than one lot of filters is used in a DOC or
UVA analytical batch, a FB must be analyzed for each lot.  The analyst should be
aware that additional filter blanks, up to one for each sample, are required by some
regulations (e.g., 40 CFR 141.131(d)(4)(i)).  


The LRB or FB is used to assess contamination from the laboratory environment and
background contamination from the reagents used in sample processing and is treated
exactly the same as a sample.  The volume of the FB must be the same as the sample
volume.  If UVA is to be determined, the FB (UVA-FB) must have an absorbance of  
< 0.01 cm-1 UVA.  The LRB and/or the FB (DOC-FB) must be < 0.35 mg/L OC.  If
0.35 mg/L OC or 0.01 cm-1 UVA is exceeded, background carbon or reagent
contamination should be suspected.  The cause for significant changes in the LRB or
FB value must be identified and any determined source of contamination must be
eliminated.  For the FB, this may mean redetermination of filter membrane suitability
(Sect. 9.3.2).  The cause of the contamination and the corrective action used to remedy
the problem is then recorded in the instrument log for future reference.


9.10 MINIMUM REPORTING LEVEL (MRL) - The OCDL should not be used as the
MRL.  For TOC analysis, it is recommended that an MRL be established no lower than
the mean LRB measurement plus 3F, or two times the mean LRB measurement,
whichever is greater.  For DOC analysis, the FB is substituted for the LRB.  This value
should be calculated over a period of time, to reflect variability in the blank
measurements.  Although the lowest calibration standard for OC may be below
the MRL, the MRL for OC must never be established at a concentration lower
than the lowest OC calibration standard.
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9.11 QUALITY CONTROL SAMPLE (QCS) - During the analysis of the IDC (Sects. 9.2,
9.3), each time new OC-PDS solutions are prepared (Sect. 7.8.3), or at least quarterly,
analyze a QCS from a source different from the source of the calibration standards. 
The QCS is used to provide an independent verification of the method and the TOC
instrument system.  To verify the stock or calibration solutions by comparison with the
QCS, dilute the calibration solution and QCS to a concentration in the mid range of the
calibration curve (approx. 1 - 5 mg/L TOC) in the same manner that the OC-CAL
standards are made (Sect. 7.8.4).  Acceptable verification of the calibration is made
when the means of 3 analyses for both the calibration solution and QCS, having a
concentration range between 1 to 5 mg/L OC, agree to within ±20% of the true value. 
If the measured QCS concentration is not within ±20% of the true value, the
calibration solution must be remade and/or the source of the problem must be
determined and corrected.  Analysis of the QCS only applies to TOC and DOC
determination.


9.12 SPECTROPHOTOMETER CHECK REQUIREMENT - The performance of the
spectrophotometer is initially demonstrated using the procedure in Section 9.4.1.  The
day-to-day performance of the spectrophotometer is checked using KHP-SCS (Sect.
7.10) or a commercially available SCS (COMM-SCS, Sect. 7.9) according to the
procedure in Section 10.4.  


10.0 CALIBRATION AND STANDARDIZATION


10.1 INSTRUMENT SET UP AND OPTIMIZATION - Prior to calibrating the TOC
instrument, clean the instrument system with carbon dioxide free water and sparge
reagents with ultra high purity reagent gas as specified by the instrument manufacturer
to remove background carbon dioxide.  NOTE: TOC Instrument 1 does not require
reagent gas for operation.  Monitor the instrument background carbon dioxide levels
for at least 30 minutes or until the background signal reaches the manufacturer’s
recommended level.  The instrument should have a stable background and be free from
drift caused by CO2 contaminated gas or leaks in the system.  Adjust instrument
temperature, reagent gas and reagent pump flow settings according to the
manufacturer’s operation manual.  Some instruments may require reagent priming runs
to clean the flow injection system and reduce carbon background.  After the instrument
is judged to be stable, load the auto-injector or prepare to manually inject four LRB
samples and start the analysis.  The data collected from the first injection of LRB is
discarded and is considered a system cleanup blank.  The next three LRB injections
should produce consecutive readings that fall within 20% of their mean.  If these
conditions are met, the instrument is ready for calibration.  If not, use the OC-CAL-1
standard and repeat this section.  If the three injections of OC-CAL-1 do not produce
consecutive readings that fall within 20% of their mean, the instrument is not ready to
operate and maintenance must be performed according to the instrument operation
manual before proceeding. 
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10.2 CALIBRATION CURVE - A new calibration curve is generated when fresh standards
are made (Sect. 7.8.4) or when CCCs fall out of QC limits (Sect. 10.3).  Use a CB and
at least four OC-CAL standards that span the concentration range of the samples to be
analyzed.  For example, if the samples to be analyzed are low in concentration (a range
falling between 0.5 to 5 mg/L OC), prepare a calibration blank and a minimum of four
TOC calibration standards (CB, OC-CAL 1 - 4, see Sect. 7.8.4).  The lowest
concentration calibration standard must be at or below the MRL, which may depend on
system sensitivity.  Add an additional 40 µL of H3PO4, HCl, or H2SO4, depending upon
instrument requirements (Sect. 8.0), to the 40-mL injection vial(s).  Sparge the
calibration standards using the IC removal procedure in Section 11.5 prior to
calibrating the instrument.  Inject the standards from low to high concentration and
calibrate the instrument.  Be careful not to extend the calibration range over too wide
of a concentration range as flow injection memory may cause analytical error (Sect.
9.2.3).  The optional OC-CAL 6 - 7 may be used when operating the instrument in a
higher concentration range.  
NOTE: For instruments that have an internal calibration setting, the calibration is
checked by comparing the five point calibration curve with the internal calibration
point.  If the five point calibration curve does not agree with the internal calibration
using the CCC criteria in Section 10.3, the internal calibration of TOC instrument
must be reset by the manufacturer or adjusted by the analyst, following the
manufacturer’s operation manual.  


10.2.1 With the instrument in the ready mode, initiate the automated instrument
calibration routine as per the instrument manufacturer’s operation manual.  
The computer generated calibration curve must have r2 $ 0.993 before
proceeding with analyses.  Ideally the instrument calibration should be            
r2 $ 0.9995 for best results.  After the instrument system has been calibrated,
verify the calibration using the Continuing Calibration Check (CCC, Sect.10.3)
and QCS (Sect. 9.11).


10.2.2 Save the data from the initial calibration curve and record it in the laboratory
notebook or instrument log.  The initial calibration curve serves as a historical
reference so that future calibrations curves can be compared to determine if the
slope or sensitivity of calibration has changed.  If the slope or sensitivity of the
instrument changes such that QC requirements cannot be met, consult the
instrument manual or lab SOP for corrective action, which may include
instrument maintenance and recalibration.  


10.3 CONTINUING CALIBRATION CHECK (CCC) - Demonstration and documentation
of continuing calibration is required and must meet the requirements listed below.  The
CCC solutions are made up weekly or just prior to a sample run and are prepared in the
same manner as the OC-CALs (Sect. 7.8.4).  An analysis batch begins with the
analysis of a Low-CCC.  CCCs are analyzed every 10 samples and must also include a
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Mid-CCC.  Subsequent CCCs should alternate between low, medium, and high
concentrations, and must end the analysis batch.  In summary, at least one Low-CCC
and one Mid-CCC is analyzed with each analysis batch in order to verify the
calibration curve.  It is recommended that low, mid, and high CCCs be used to verify
the calibration curve over time.


10.3.1 Low-CCC - the concentration range may vary from as low as 2 times the
OCDL up to 0.7 mg/L OC.  The Low-CCC is used to verify the low end of the
calibration and must be at or below the MRL, which may depend on system
sensitivity.  The recovery for the Low-CCC must be within + 50% of the true
value. 


10.3.2 Mid-CCC - the concentration is varied between 1.0 mg/L to 5.0 mg/L OC. 
The purpose of this CCC is to verify the precision and accuracy at the
calibration range where critical source water treatment decisions are made. 
The Mid-CCC concentration may be varied to meet changing regulatory
requirements.  The Mid-range CCC must be within ±20% of the true value.  If
it is not, the TOC instrument system must be re-calibrated.


10.3.3 High-CCC - the concentration range is varied between 5 to 50 mg/L OC.  The
selection of the High-CCC should be near the concentration of the highest OC-
CAL standard used.  The purpose of this CCC is to bracket the concentration
the samples that are typically analyzed and to verify the upper range of the
calibration curve.  High-CCC must be within ±15% of the true value.  If it is
not, the TOC instrument system must be re-calibrated.


10.4 SPECTROPHOTOMETER PERFORMANCE CHECK - The performance of the
spectrophotometer is initially demonstrated using the procedure in Section 9.4.1.  The
day-to-day performance of the spectrophotometer is checked using KHP-SCS (Sect.
7.10) or a commercially available SCS (COMM-SCS, Sect. 7.9) prior to analyzing any
UVA samples using the procedure described below.


10.4.1 Using a transfer pipet fill the spectrophotometer cell with the COMM-BKS or
KHP-SCS-BLANK (Sects. 7.9.1, 7.10.1).  Use this solution to zero the
spectrophotometer.


10.4.2 After the spectrophotometer is zeroed, empty the cell, clean with LRW, rinse
with methanol, dry with N2 or reagent grade air, and fill it with the KHP-SCS
or COMM-SCS. 


10.4.3 Read the UVA of the KHP-SCS or COMM-SCS.  The reading must be within
10% of the expected absorbance value.  Record the absorbance of the KHP-
SCS or COMM-SCS in the spectrophotometer instrument logbook.  Empty the
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cell, clean with LRW, rinse with methanol, and dry with N2 or reagent grade
air. 


10.4.4 If the SCS absorbance criteria stated above cannot be met, discard the COMM-
SCS or the KHP-SCS and purchase new COMM-SCS or remake the KHP-
SCS.  Repeat Section 10.4.


11.0 PROCEDURE


11.1 TOC/DOC SAMPLE INTEGRITY EVALUATION - It is important to analyze a TOC
or DOC sample as directly and as soon as possible.  Sample handling and preparation
should be minimized.  Upon receiving the sample from the field, the analyst must
determine if the sample was treated and stored according to instructions found in
Section 8.


11.2 OPTIONAL TREATMENT FOR TOC/DOC SAMPLE MATRIX LOSS - Aquatic
humic substances precipitate at pH below 2 16, and may move to glass vessel walls or
instrument tubing.  If the analyst suspects that humic substances have precipitated
(which sometimes occurs in blackwaters)14 or flocked to the bottom of the sample
container, the sample is degassed by sparging to remove IC as directed in Section 11.5. 
The sample is then split into two portions.  One portion is left at a pH #2, and the pH
of the second portion is adjusted to pH 5 to 7 in order to increase the solubility of
hydrophobic matter in the sample.  Both samples are allowed to sit capped for ½ hour
before further sample processing.  These samples are treated in the same manner as
field duplicates (FD), Section 9.6.  The results of both split samples and corresponding
pH values should be reported to the data user. 


11.3 TOC SAMPLE PREPARATION - Remove the TOC sample from cold storage and
allow the sample to come to room temperature.  Determine if the sample has been
preserved by acidification to a pH #2 by placing some drops on pH paper or by
pouring some of the sample into a small beaker and checking it with a glass or solid-
state pH electrode.  Do Not put the pH paper or electrode into the sample bottle.  If the
pH is greater than 2, discard the sample. 


11.3.1 TYPICAL TOC SAMPLE PRE-TREATMENT - Samples that appear to be
low in particulate and suspended material are generally transferred directly to
the 40-mL injection vial.  If the sample appears to contain sediment or floating
material, allow the sample to sit for a minute or two to allow sediment material
to settle back to the bottom of the bottle.  After allowing the sample to settle, 
transfer the sample from the middle of the bottle using a disposable pipet to the
injection vial.  Add 40 µL of H3PO4, HCl, or H2SO4 depending upon instrument
requirements (Sect. 8.0) to the 40-mL injection vial and label it.


11.3.2 Proceed to Section 11.5, for IC removal.
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11.4 SUVA SAMPLE PREPARATION - If SUVA is not being determined, proceed to
Section 11.5.  The SUVA determination consists of paired sample analyses composed
of a DOC sample and a UVA sample.  DOC and UVA samples may be taken from the
same bottle, or may be taken from separate field duplicate bottles.  Remove the DOC
and UVA sample(s) from cold storage and allow them to come to room temperature. 
The laboratory is required to document any use of alternative filters, apparatus (see
note, Sect. 6.1), or changes in the SUVA sample preparation procedure.  All QC
requirements (Sect. 9) must be met.


11.4.1 Samples for DOC and UVA analysis are NOT acidified in the field.  The DOC
sample is acidified after filtration as described below and the UVA sample is
not acidified at all.  Determine if the sample(s) was accidentally preserved by
placing a few drops from the sample on pH paper or by pouring some of the
sample into a small beaker and checking it with a glass or solid-state pH
electrode.  Do Not put the pH paper or electrode into the sample bottle. 
Placing the pH paper or electrode into the sample bottle will contaminate the
sample solution with organic carbon.  If this happens, the sample must be
discarded.  If the UVA sample pH is #2, check to make sure that the sample is
actually for the UVA determination.  It is possible that this sample is a TOC or
filtered DOC sample and was mislabeled as a UVA sample.  If the sample set
was not mislabeled or switched but accidentally preserved, the sample must be
discarded.  The analyst must check the date and time of collection to ensure
that the sample holding times listed in Section 8.1 have been met.  


11.4.2 Filter Cleaning - Cleaning the filter apparatus, including the filter, removes
trace organic compounds that may have been left behind in the manufacturing
process.  This cleaning must be done immediately prior to sample filtration. 
Rinse the filter with LRW, using the cleaning procedure used to determine
filter membrane suitability (Sect. 9.3.2.2), including the cleaning of the pre-
filter if a pre-filter is necessary.


11.4.3 Filter Blank (FB) - Use a clean filter apparatus (prepared in Sect. 11.4.2) and
filter an aliquot of LRW into an injection vial for the DOC analysis and another
aliquot of LRW into a vial for UVA analysis (Figure 1).  FB volume must be
the same as the sample volume collected in Section 11.4.4.  During the
development of this method, approximately 250 mL of LRW was filtered and
aliquots were poured into two 40-mL injection vials and labeled as the DOC
and UVA FBs.  If the DOC and UVA analyses are coming from two separate
bottles, a filter apparatus will be needed for each bottle and an FB should be
prepared from each apparatus.  Add 40 µL of H3PO4, HCl, or H2SO4 (as
required by the various instrument types, Sect. 8.0) to the 40-mL DOC-FB
injection vial.  Do not acidify the UVA-FB injection vial.  These vials are
paired with the respective SUVA sample and retained for DOC-FB and UVA-
FB analyses.
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11.4.4 Sample Preparation - Reassemble the filter apparatus.  Pour enough sample
onto the filter to saturate any adsorption sites, as determined according to the
filter-to-waste procedure in Section 9.3.2.3.  Apply vacuum until no visible
water remains on the filter.  Remove the vacuum, swirl the apparatus with
sample filtrate, disassemble, and discard the sample filtrate rinse.  Reassemble
the filter apparatus and pour an additional aliquot of sample into the top of the
filter apparatus.  Attach the vacuum and retain the filtrate.  Pour one aliquot
into a 40-mL injection vial and label it to identify it as the DOC sample.  Pour
a second aliquot into a 40-mL injection vial and label it to identify it as the
UVA sample.  Add 40 µL of H3PO4, HCl, or H2SO4 to the 40-mL DOC
injection vial.  Do not acidify the UVA injection vial.  As with the DOC and
UV FBs (Sect. 11.4.3), separate filter apparatus may be used for the DOC and
UVA samples, in which case the filtrate need not be split into two aliquots. 
For a sample that is difficult to filter, an additional filter apparatus or the
optional pre-filter insert apparatus may be used.  The use of additional filters
may require the collection of additional FBs, collected as specified in Section
11.4.3.  The resulting additional DOC-FB, UVA-FB sample filtrates are
collected, their volumes composited and then placed into their respective
injection vials.


11.5 INORGANIC CARBON REMOVAL - All OC-CALs, TOC and DOC samples,
DOC-FBs, and LRBs must be treated to remove IC prior to OC analysis.  UVA
samples and UVA-FBs are not sparged with nitrogen gas or otherwise treated to
remove IC prior to analysis (See Figure 2).  The laboratory is required to document
any use of alternative IC removal apparatus (Sects. 6.9, 11.5.2) or changes in the IC
removal procedure.  All quality control requirements (Sect. 9.2.4) must be met. 
NOTE: If a sparging apparatus is used, it should be isolated from the organic
laboratory and be free of organic contaminants. 


11.5.1 CLEANING SPARGING APPARATUS: Before initial use and immediately
after each use, the sparging apparatus must be cleaned.  With the nitrogen
turned off, dip the stainless steel needles in a 40-mL injection vial containing
dilute acid (40 µL H3PO4, HCL, or H2SO4 per 40 mL LRW).  Take the needles
out of the dilute acid and turn the nitrogen back on to flush out any residual
dilute acid.  If disposable pipettes are used as part of the sparging apparatus,
discard the pipettes after each use instead of attempting to clean and reuse 
them.


11.5.2 SPARGING PROCEDURE: Submerge the apparatus needles used to sparge
the samples near the bottom of the 40-mL sample injection vial.  Data
generated for this method were generated by externally sparging the acidified
samples with nitrogen gas, at 100 to 200 mL/minute, for 20 minutes per 40-mL
sample injection vial.  Some instrument companies provide optional inorganic
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carbon removal apparatus that may produce an efficient means for the removal
of IC.  The laboratory must demonstrate sparging efficiency by the performance
of the IC removal sparging efficiency test (Sect. 9.2.4 ) and meeting the LRB
requirements as stated in Section 9.9.


11.6 SAMPLE ASSAY


11.6.1 TOC/DOC Sample Analysis - This is accomplished by placing into the
injection vial tray a series of 40-mL injection vials usually containing any or all
of the following types of samples: LRB, DOC-FB, CB, OC-CAL(s), CCC s
(Low, Mid or High concentration), field samples, FD1 & FD2, LRB between
samples if needed as specified in Section 9.2.3, LFB, LFM, and the QCS.  The
DOC-FB maximum allowable background concentration is 0.35 mg/L OC. 
The injection tray is placed into the instrument, the run is initiated, and the
results of analyses are recorded. 


11.6.2 UVA ANALYSES - If the spectrophotometer performance meets the SCS
absorbance criteria as stated in Section 10.4, zero the instrument with the
empty cell.  Next fill the cell with the UVA-FB and read the absorbance.  The 
UVA-FB’s maximum allowable background absorbance is 0.01 cm-1 UVA.  If
0.01 cm-1 UVA for the UVA-FB is exceeded, the cause must be identified and
any determined source of contamination must be eliminated.  The
spectrophotometer performance must then be rechecked (Sect. 10.4).  The
laboratory should also check the initial zero each time 10 samples have been
read.  Rinse the spectrophotometer cell with a small amount of the UVA
sample or UVA-FB by directly pipetting or pouring the sample into the
spectrophotometer cell and discarding the rinse.  Refill the spectrophotometer
cell, carefully clean the cell window, and place in the spectrophotometer cell
holder.  Alternatively, flow cells maybe used, filled and flushed as needed. 
Measure the UVA and record.  If field duplicates are collected, the FD1 & FD2
sample filtrates are also read and recorded. 


12.0 DATA ANALYSIS AND CALCULATION


12.1 TOC DIRECT READING: The TOC concentration is calculated by the automated
instrument system’s software.  Follow the instrument manufacturer’s operation manual
when making instrument response adjustments for instrument system blank
corrections.  The TOC calculation assumes that the sample has been properly
preserved, that only a trace amount of IC remains following the IC removal procedure,
and that any remaining IC will not contribute to the TOC measurement and result in a
calculation error.  Some instrument systems calculate TOC from the difference of the
total carbon (TC) minus the IC.  The analyst is reminded that the IC in the sample is
removed prior to sample analysis.  Therefore, the reported TC is equal to, and the same
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as, the TOC value (TOC =TC) and is read directly from the instrument’s computer or
printout.


12.2 SUVA CALCULATION:  Follow the instrument manufacturer’s operation manual
instructions when making instrument response adjustments for instrument system
blank correction.  As in the above TOC calculation, the analyst is reminded that the IC
of the DOC sample is removed prior to analysis.  After filtration, the TOC instrument
value is equal to the DOC.  The SUVA is then calculated from the DOC & UVA data
that results from the procedure as described above (Sects. 11.6.1, 11.6.2).  The UVA of
the sample in cm-1 is divided by the DOC of the sample, multiplied by 100 cm/M and
either reported in units of L/mg-M or as “SUVA”.  The SUVA is calculated as follows:


SUVA (L/mg-M) = UVA(cm-1) / DOC (mg/L) * 100 cm/M 


UVA Calculation: UVA = A /d 


where: 


UVA  = The calculated UV absorbance of the sample in
absorbance units (cm-1).


     
A = The measured UV absorbance at 254 nm of the


sample that is filtered through a 0.45-µm filter
media.


   d = The quartz cell path length in cm.


NOTE: A Filter Blank (FB) is used to monitor background carbon
contamination (Sect. 11.4.3) and is not subtracted from the DOC and
UVA measurements.


12.3 Calculations should utilize all available digits of precision, but final reported
concentrations should be rounded to two significant figures (one digit of uncertainty). 
The final calculation is rounded up or down according to Standard Methods 1050B.15 


13.0 METHOD PERFORMANCE
NOTE: Data presented in Section 17 are from single-laboratory determinations.   All
available digits were used for calculation and the calculations were rounded prior to
entry in the tables.  The data were reported to as many as three significant figures to
give the reader a better understanding of method performance.


13.1 Table 17.1 summarizes the 3-day organic carbon detection limit (OCDL) study for five
TOC instruments systems.  The DOC determination ranged from 0.02 to 0.08 mg/L
OCDL and the TOC determination ranged from 0.04 to 0.12 mg/L OCDL.  All source
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water samples reported in Section 13 and the Section 17 Tables were sparged for 20
minutes to remove inorganic carbon interferences.


13.2 Table 17.2 and associated sub-tables illustrate the single instrument precision and
accuracy for each of the five TOC instrument technologies.


13.3 Tables 17.3 and 17.4 illustrate the instrument differences and performances for five
TOC instruments analyzing seven different source water matrices.


13.4 In all cases, the TOC instruments had difficulty in analyzing the Saint Leon well water. 
The Saint Leon well water had a moderately high inorganic carbon content of
approximately 100 mg/L IC, and a low organic carbon content of 0.2 to 0.6 mg/L OC. 
The Saint Leon well water organic carbon content was near the organic carbon
detection limit.  The low OC concentration produced the greatest differences between
instrument responses.  For low TOC samples with high IC, differences between
instrument responses may be more apparent due to possible IC interference.


13.5 The TOC, DOC and SUVA procedures of this method are dependent on the operation
manual for the TOC instrument system and the UV spectrophotometer as provided by
the respective instrument manufacturers.  However, all performance criteria and
quality control requirements described in this method, as summarized in Tables 17.5
and 17.6, must be met.


14.0 POLLUTION PREVENTION


14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation.  Numerous opportunities for
pollution prevention exist in laboratory operations.  The EPA has established a
preferred hierarchy of environmental management techniques that places pollution
prevention as the management option of first choice.  Whenever feasible, laboratory
personnel should use pollution prevention techniques to address their waste generation. 
When wastes cannot be feasibly reduced at the source, the Agency recommends
recycling as the next best option.


14.2 For information about pollution prevention that may be applicable to laboratories and
research institutions, consult Less is Better: Laboratory Chemical Management for
Waste Reduction, available from the American Chemical Society's Department of
Government Relations and Science Policy, 1155 16th Street N.W., Washington D.C.
20036, (202)872-4477. 


14.3 For recycle information, contact the US EPA, Pollution Prevention and WasteWise
program, http://www.epa.gov/wastewise/ .
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15.0 WASTE MANAGEMENT


15.1 The U.S. Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations.  The
Agency urges laboratories to protect the air, water, and land by minimizing and
controlling all releases from hoods and bench operations, complying with the letter and
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA


17.1 ORGANIC CARBON DETECTION LIMIT (OCDL)a


Dissolved Organic Carbon (DOC), mg/L


Instrument
Fortified 


Conc.b


Mean
Recovered


Conc.
%RSDc %RECd OCDL


1 0.130 0.155 11 119 0.054


2 0.125 0.116 22 93 0.082


3 0.250 0.249 4 100 0.035


4 0.130 0.125 5 96 0.018


5 0.250 0.233 9 93 0.068


Total Organic Carbon (TOC), mg/L


Instrument
Fortified


Conc.


Mean
Recovered


Conc.
%RSDc %RECd OCDL


1 0.130 0.159 14 122 0.071


2 0.125 0.145 26 116 0.118


3 0.250 0.259 8 104 0.061


4 0.130 0.130 9 100 0.036


5 0.250 0.251 7 100 0.059


a Organic Carbon Detection Limits were determined by analyzing 7 replicates over 3 days.
b LRW fortified as specified in the table.
c %RSD = percent relative standard deviation
d %REC = percent recovery


INSTRUMENT:
1: UV/Persulfate/Wet Oxidation with Permeation/Conductivity Detection
2: Elevated Temperature/Catalyzed/Persulfate/Wet Oxidation/Nondispersive 
   Infrared Detection (NDIR)
3: UV/Low Temperature/Persulfate/Wet Oxidation/NDIR
4: Catalyzed/Combustion Oxidation(680 °C)/NDIR
5: High Temperature Combustion Oxidation/NDIR
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17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY


17.2.1 TOC Instrument 1: UV/persulfate wet oxidation with
permeation/conductivity detection


Dissolved Organic Carbon, mg/La


Source
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.63 1.62 12.2 105


Shingobee R. 2.98 0.19 13.5 105


Bolten Well 1.27 0.00 12.0 107


Ohio R. (Fernbank) 2.79 0.36 13.6 108


Muddy Creek 3.81 0.15 14.6 108


Great Miami R. 3.18 0.00 13.7 104


Saint Leon Well 0.53 0.97 11.0 104


Total Organic Carbon, mg/La


Source 
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.73 0.33 12.1 103


Shingobee R. 3.16 0.18 13.0 98


Bolten Well 1.32 0.44 11.4 100


Ohio R. (Fernbank) 3.02 0.57 13.2 102


Muddy Creek 4.24 0.00 14.6 103


Great Miami R. 3.51 0.33 13.8 102


Saint Leon Well 0.66 0.52 11.1 104


 a  N = 3, samples fortified at 10mg/L OC using KHP
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17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d.


17.2.2 TOC Instrument 2: Elevated temperature/catalyzed/persulfate wet
oxidation/NDIR


Dissolved Organic Carbon, mg/La


Source
Water


Unfortified
Sample Conc.


Fortified Sample Conc.


Mean Mean %REC


Boulder Creek 1.40 11.8 104


Shingobee R. 2.58 13.3 106


Bolten Well 1.04 12.6 105


Ohio R. (Fernbank) 2.41 13.3 108


Muddy Creek 3.25 14.3 110


Great Miami R. 2.68 13.4 107


Saint Leon Well 0.40 10.6 101


Total Organic Carbon, mg/La


Source 
Water


Unfortified
Sample Conc.


Fortified Sample Conc.


Mean Mean %REC


Boulder Creek 1.38 11.2 98


Shingobee R. 2.62 12.7 100


Bolten Well 1.05 11.4 103


Ohio R. (Fernbank) 2.46 13.1 106


Muddy Creek 3.41 13.8 104


Great Miami R. 2.89 13.2 103


Saint Leon Well 0.38 10.5 102


    a  N = 2, samples fortified at 10mg/L OC using KHP
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17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d.


17.2.3 TOC Instrument 3: UV/low temperature/persulfate wet oxidation/NDIR


Dissolved Organic Carbon, mg/La


Source
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.52 1.81 11.5 100


Shingobee R. 2.71 1.10 13.2 104


Bolten Well 1.18 1.76 11.3 101


Ohio R. (Fernbank) 2.50 0.74 13.1 106


Muddy Creek 3.38 0.81 14.0 106


Great Miami R. 2.91 0.64 13.1 102


Saint Leon Well 0.56 0.88 10.7 101


Total Organic Carbon, mg/La


Source 
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.47 1.77 11.2 97


Shingobee R. 2.72 0.02 12.7 99


Bolten Well 1.16 2.45 11.0 98


Ohio R. (Fernbank) 2.58 1.01 12.6 100


Muddy Creek 3.18 1.28 13.5 103


Great Miami R. 2.92 1.01 13.0 101


Saint Leon Well 0.45 1.57 10.7 102
a  N = 3, samples fortified at 10 mg/L OC using KHP
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17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d. 


17.2.4 TOC Instrument 4: Catalyzed, 680 °C combustion oxidation/NDIR


Dissolved Organic Carbon, mg/La


Source
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.54 5.75 11.4 98


Shingobee R. 2.71 3.18 12.4 97


Bolten Well 1.24 1.25 12.4 98


Ohio R. (Fernbank) 2.52 5.73 12.4 98


Muddy Creek 3.56 3.17 13.3 98


Great Miami R. 3.00 6.94 12.7 96


Saint Leon Well 0.38 27.4 10.1 98


Total Organic Carbon, mg/La


Source 
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.46 2.86 11 100


Shingobee R. 2.84 2.19 13 97


Bolten Well 1.12 1.70 11 100


Ohio R. (Fernbank) 2.81 1.79 13 100


Muddy Creek 4.04 2.02 14 96


Great Miami R. 3.42 1.66 14 101


Saint Leon Well 0.28 7.64 10 100


 a  N = 3, samples fortified at 10 mg/L OC using KHP







415.3 - 47


17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d.


17.2.5 TOC Instrument 5: High temperature combustion oxidation/NDIR


Dissolved Organic Carbon, mg/La


Source
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.21 1.18 11.0 98


Shingobee R. 2.29 1.15 12.0 97


Bolten Well 0.90 2.93 11.5 106


Ohio R. (Fernbank) 2.11 0.28 12.3 102


Muddy Creek 2.89 1.09 13.1 102


Great Miami R. 2.43 0.77 12.3 99


Saint Leon Well 0.38 27.4 10.0 96


Total Organic Carbon, mg/La


Source 
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.26 6.02 11.0 97


Shingobee R. 2.45 0.84 12.1 97


Bolten Well 0.93 1.02 10.8 98


Ohio R. (Fernbank) 2.31 1.19 12.1 98


Muddy Creek 3.34 3.40 13.1 98


Great Miami R. 2.72 0.78 12.3 96


Saint Leon Wellb 0.32 N/A 10.0 97
a  N = 3, samples fortified at 10 mg/L OC using KHP


            b  N = 2 for this sample, N/A = not applicable
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17.3 PRECISION AND ACCURACY DATA FOR DOC AND SUVA MEASURED IN
SEVEN SOURCE WATERS ON FIVE INSTRUMENTSa


17.3.1 DOC Measurements for Seven Source Waters, Three Replicate
Instrument Injections on Five Instruments 


Dissolved Organic Carbon, mg/L, Unfortified Samples


Source Water
Inst
#1


Inst
#2


Inst
#3


Inst
#4


Inst
#5


Mean
Std
Dev


%RSD


Boulder Creek 1.64 1.40 1.52 1.54 1.21 1.46 0.17 11


Shingobee R. 2.98 2.58 2.71 2.71 2.29 2.66 0.25 9


Bolton Well 1.27 1.04 1.18 1.24 0.90 1.13 0.15 14


Ohio R. (Fernbank) 2.79 2.41 2.50 2.52 2.12 2.47 0.24 10


Muddy Creek 3.81 3.25 3.38 3.56 2.89 3.38 0.34 10


Great Miami R. 3.18 2.69 2.91 3.00 2.43 2.84 0.29 10


St. Leon Well 0.53 0.40 0.56 0.38 0.25 0.42 0.13 30


17.3.2 DOC Measurements for Seven Source Waters, Fortified with KHP, Three
Replicate Instrument Injections on Five Instruments


Dissolved Organic Carbon, mg/L, Samples Fortified at 10 mg/L OC


Source Water Inst #1 Inst #2 Inst #3 Inst #4 Inst #5 Mean
Std
Dev


%RSD %RECb


Boulder Creek 12.2 11.8 11.5 11.4 11.0 11.6 0.43 4 101


Shingobee R. 13.5 13.3 13.2 12.4 12.0 12.9 0.62 5 102


Bolton Well 12.0 11.5 11.3 11.2 11.5 11.5 0.31 3 104


Ohio R. (Fernbank) 13.6 13.2 13.1 12.4 12.3 12.9 0.54 4 105


Muddy Creek 14.6 14.3 14.0 13.3 13.1 13.9 0.62 5 105


Great Miami R. 13.7 13.4 13.1 12.7 12.3 13.0 0.55 4 102


St. Leon Well 11.0 10.5 10.7 10.1 10.0 10.5 0.40 4 100
a   For instrument identification (by type) see Section 6.3.
b  % Recovery calculated as described in Section 9.8.
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17.3 PRECISION AND ACCURACY DATA FOR DOC AND SUVA MEASURED IN
SEVEN SOURCE WATERS ON FIVE INSTRUMENTSa, cont’d.


17.3.3 Mean SUVA Calculation Based on the DOC Data in 17.3.1 for Five
Source Waters


Source Water
UVA
(cm-1)


SUVA b (L/mg-M)


Inst #1 Inst #2 Inst #3 Inst #4 Inst #5 Mean


Boulder Creek 0.4324 2.62 3.08 2.84 2.97 3.58 3.02


Shingobee R. 0.7440 2.50 2.88 2.75 2.77 3.25 2.83


Bolton Well 0.2364 1.86 2.28 2.01 1.91 2.62 2.14


Ohio R. (Fernbank) 0.7267 2.60 3.01 2.90 2.88 3.43 2.97


Muddy Creek 1.124 2.95 3.46 3.33 3.20 3.89 3.37


Great Miami R. 0.8948 2.81 3.33 3.07 3.05 3.69 3.19


St. Leon Well 0.0771 1.46 1.93 1.38 1.83 3.13 1.95
a  For instrument identification (by type) see Section 6.3.
b SUVA calculated as described in Section 12.2.
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17.4 PRECISION AND ACCURACY DATA FOR TOC MEASURED IN SEVEN
SOURCE WATERS ON FIVE INSTRUMENTSa


17.4.1 TOC Measurements for Seven Source Waters, Three Replicate Instrument
Injections on Five Instruments


Total Organic Carbon, mg/L, Unfortified Samples


Source Water Inst #1 Inst #2 Inst #3 Inst #4 Inst #5 Mean
Std
Dev


%RSD


Boulder Creek 1.73 1.38 1.47 1.46 1.26 1.46 0.17 12


Shingobee R. 3.16 2.62 2.72 2.84 2.45 2.76 0.26 10


Bolton Well 1.32 1.05 1.16 1.12 0.93 1.12 0.14 13


Ohio R. (Fernbank) 3.02 2.46 2.58 2.81 2.31 2.64 0.28 11


Muddy Creek 4.24 3.41 3.18 4.04 3.34 3.64 0.47 13


Great Miami R. 3.51 2.89 2.92 3.42 2.72 3.09 0.35 11


St. Leon Well 0.66 0.39 0.45 0.28 0.32 0.42 0.15 35


17.4.2 TOC Measurements for Seven Source Waters, Fortified with KHP, from
Replicate Instrument Injections on Five Instruments 


Total Organic Carbon, mg/L, Samples Fortified at 10 mg/L OC 


Source Water Inst #1 Inst #2 Inst #3 Inst #4 Inst #5 Mean
Std
Dev


%RSD %RECb


Boulder Creek 12.1 11.3 11.2 11.4 11.0 11.4 0.43 4 99


Shingobee R. 13.0 12.7 12.6 12.5 12.1 12.6 0.32 3 98


Bolton Well 11.4 11.4 11.0 11.2 10.8 11.1 0.28 3 100


Ohio R. (Fernbank) 13.2 13.1 12.6 12.8 12.1 12.8 0.45 4 101


Muddy Creek 14.6 13.8 13.5 13.7 13.1 13.7 0.54 4 101


Great Miami R. 13.8 13.2 13.0 13.6 12.3 13.2 0.59 5 101


St. Leon Well 11.1 10.5 10.7 10.2 10.0 10.5 0.41 4 101
a   For instrument identification (by type) see Section 6.3.
b   % Recovery calculated as described in Section 9.8.
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17.5 INITIAL DEMONSTRATION OF CAPABILITY (IDC) REQUIREMENTS
(SUMMARY) 


Method
Reference


Requirement Specification and
Frequency


Acceptance Criteria


Sects. 9.2.1,
9.9


Initial
Demonstration of
Low System
Background


Analyze LRB prior to
any other IDC
samples.


LRBs must be < 0.35 mg/L OC
and < 0.01 cm-1 UVA. 


Sects. 9.2.2,
9.11


Initial Calibration
Verification


After initial calibration
of TOC instrument
system a QCS sample
is used to verify
accuracy.


The analyzed value of a 1-5 mg/L
calibration standard must be
within  ±20% of the true value
before proceeding with the
method.


Sect. 9.2.3 Initial Organic
Carbon Flow
Injection Memory
Check


Analyze after Low
System Background 
requirement, but
before any other TOC
or DOC IDC samples. 


LRB injections after the highest
OC-CAL injection must be         
< 0.35 mg/L TOC.


Sect. 9.2.4 Inorganic Carbon
Removal


Prior to first analysis
of samples and
whenever the IC
removal procedure is
modified.


Analysis of the IC-TEST solution
after IC removal must result in a
concentration of < 0.35 mg/L IC,
measured as OC interference.


Sect. 9.2.5 Initial
Demonstration of
Accuracy


Analyze 5 replicate
LFBs (at 2-5 mg/L
OC). 


The average recovery must be
+20% of the true value.


Sect. 9.2.6 Initial
Demonstration of
Precision


Calculate precision of
the accuracy samples.


The %RSD must be < 20%.


Sect. 9.2.7 Organic Carbon
Detection Limit
(OCDL)
Determination


Analyze 7 replicate
LFBs over a period of
at least 3 days at a
concentration
estimated to be near
the DL.


The calculated OCDL must not
exceed 0.35 mg/L.  The mean
recovery of the LFBs used in the
OCDL determination must be
+50% of the true value. 







Method
Reference


Requirement Specification and
Frequency


Acceptance Criteria
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Sect. 9.3.2 Initial
Demonstration of
Filter Membrane
Suitability


Prior to the first use of
filters and whenever a 
manufacturer or filter
type is changed.


FB < 0.35 mg/L OC and/or 
< 0.01 cm -1 UVA.  Sample
filtrate OC within + 15% of
unfiltered sample OC.


Sect. 9.4.1 Initial
Spectrophotometer
Check


Prior to first
instrument use and
annually thereafter.


Test two wavelengths between
220 and 340 nm.  Check
manufacturer’s operation manual
for acceptance limits.


Sects. 9.4.2,
10.4


Spectrophotometer
Performance Check


Prior to analysis of
samples.


UVA within 10% of expected
absorbance value.  
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17.6 QUALITY CONTROL REQUIREMENTS (SUMMARY) 


Method
Reference


Requirement Specification and
Frequency


Acceptance Criteria


Sect. 9.9 Blanks One LRB with each TOC
analysis batch.  One FB
with each DOC and UVA
analysis batch.


TOC LRBs and DOC-FBs
must be < 0.35 mg/L OC. 
The UVA-FB must be < 0.01
cm-1 UVA.


Sect. 8.1 Holding Time,
SUVA


DOC - filtered and then
acidified within 48 hours of
collection.  Analyzed
within 28 days of time of
collection.


Stored at < 6 °C; preserved
with acid to pH < 2 after
filtration.  


UVA - filtered and
analyzed within 48 hours of
time of collection.


Not preserved with acid,
stored at < 6 °C.


Sect. 8.2 Holding Time,
TOC


TOC - analyze within 28
days from time of
collection.


Preserved at pH < 2 at the
time of collection, stored at 
< 6 °C. 


Sects. 9.2,
9.3, 9.4


Initial
Demonstration of
Capability (IDC) 


Performed whenever a new
instrument is set up or
when a new analyst is
trained.  


See Table 17.5.


Sect. 9.5,
10.3


Continuing
Calibration Checks


Analysis of Low-CCC (at
the MRL or below) at the
beginning of each analysis
batch. Subsequent CCCs
analyzed after every 10
samples and after the last
sample in the analysis
batch, rotating
concentrations to cover the
calibrated range of the
instrument.  Mid-CCC
required during each
analysis batch.


Low-CCC: + 50% of true
value.
Mid-CCC: + 20% of true
value.
High-CCC: + 15% of true
value.







Method
Reference


Requirement Specification and
Frequency


Acceptance Criteria
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Sect. 9.6 Field Duplicate
(FD) Analyses 


One FD is collected and
analyzed with each analysis
batch.


FD > 2 mg/L OC < 20%
RPD.  UVA < 10% RPD.


Sect. 9.7 Laboratory
Fortified Blank
(LFB) analysis


One LFB is analyzed with
every DOC analysis batch.  


Concentration of 1-5 mg/L
OC using KHP.  Recovery
must be within + 20% of true
value.


Sect. 9.8 Laboratory
Fortified Matrix
(LFM)


One LFM is analyzed with
every TOC or DOC
analysis batch. Spike
concentration should result
in an increase in the LFM
concentration of 50 to
200% of its measured or
expected concentration.


Recovery outside 70-130%
warrants investigation of
matrix effect.


Sect. 9.11 Quality Control
Sample (QCS)


The QCS is analyzed
during the IDC, after each
new calibration curve, each
time new calibration
solutions are prepared, or at
least quarterly.


The analyzed value of a 1-5
mg/L QCS must be within 
±20% of the true value.


Section
10.2


Calibration Curve A new calibration curve is
generated when fresh
standards are made and/or
when CCCs are out of QC
limits.


Calibration curve must have
r2 >  0.993 before proceeding
with analyses. 


Section
10.4


Spectrophotometer
performance check


The day to day performance
of the spectrophotometer is
checked using the COMM-
SCS and/or KHP-SCS prior
to analyzing any UVA
sample(s).


The UVA of the KHP-SCS or
COMM-SCS reading must be
within 10% expected
absorbance values.  Analysis
of LRW must result in UVA
of  < 0.01 cm-1.
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FIGURE 1: FILTER BLANK PREPARATION  


LRW


WASH FILTER*,
DISCARD


FILTER LRW*,
 DISPENSE INTO


40-ML VIALS


DESIGNATE AS
FILTER BLANK (FB)


                                                                                                                                                   


DOC - FB
ADD ACID
SPARGE


ANALYZE


UVA - FB
NO ACID


NO SPARGE
ANALYZE


*Using volume as determined in Section 9.3.2.
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FIGURE 2 : SAMPLE PREPARATION


WATER SAMPLE


                                                                                              
                                                                                


TOC DOC UVA


               


USING PRE - WASHED FILTERS
FILTER AND DISCARD FIRST PORTION* 


TO WASTE


          


 FILTER REMAINING SAMPLE


          


 DISPENSE INTO 40ML VIALS


         


TOC AND DOC-SAMPLE
ADD ACID
 SPARGE


ANALYZE


UVA-SAMPLE
NO ACID


NO SPARGE
ANALYZE


* Using volume as determined in Section 9.3.2.3.
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2510        CONDUCTIVITY*#(1)


2510  A.        Introduction


 Conductivity, k, is a measure of the ability of an aqueous solution to carry an electric current.
This ability depends on the presence of ions; on their total concentration, mobility, and valence;
and on the temperature of measurement. Solutions of most inorganic compounds are relatively
good conductors. Conversely, molecules of organic compounds that do not dissociate in aqueous
solution conduct a current very poorly, if at all. 


1.  Definitions and Units of Expression
 Conductance, G, is defined as the reciprocal of resistance, R: 


where the unit of R is ohm and G is ohm−1 (sometimes written mho).  Conductance of a solution
is measured between two spatially fixed and chemically inert electrodes. To avoid polarization at
the electrode surfaces the conductance measurement is made with an alternating current signal.1


The conductance of a solution, G, is directly proportional to the electrode surface area, A, cm2,
and inversely proportional to the distance between the electrodes, L, cm. The constant of
proportionality, k, such that: 


is called ‘‘conductivity’’ (preferred to ‘‘specific conductance’’). It is a characteristic property of
the solution between the electrodes. The units of k are 1/ohm-cm or mho per centimeter.
Conductivity is customarily reported in micromhos per centimeter (µmho/cm). 


In the International System of Units (SI) the reciprocal of the ohm is the siemens (S) and
conductivity is reported as millisiemens per meter (mS/m); 1 mS/m = 10 µmhos/cm and 1 µS/
cm = 1 µmho/cm. To report results in SI units of mS/m divide µmhos/cm by 10. 


To compare conductivities, values of k are reported relative to electrodes with A = 1 cm2 and
L = 1 cm. Absolute conductances, Gs, of standard potassium chloride solutions between


electrodes of precise geometry have been measured; the corresponding standard conductivities,
ks, are shown in Table 2510:I. 







Standard Methods for the Examination of Water and Wastewater


© Copyright 1999 by American Public Health Association, American Water Works Association, Water Environment Federation


The equivalent conductivity, Λ, of a solution is the conductivity per unit of concentration. As
the concentration is decreased toward zero, Λ approaches a constant, designated as Λ°. With k in
units of micromhos per centimeter it is necessary to convert concentration to units of equivalents
per cubic centimeter; therefore: 


Λ = 0.001k/concentration 


where the units of Λ, k, and concentration are mho-cm2/equivalent, µmho/cm, and equivalent/L,
respectively. Equivalent conductivity, Λ, values for several concentrations of KCl are listed in
Table 2510:I. In practice, solutions of KCl more dilute than 0.001M will not maintain stable
conductivities because of absorption of atmospheric CO2. Protect these dilute solutions from the


atmosphere. 


2.  Measurement
a. Instrumental measurements: In the laboratory, conductance, Gs, (or resistance) of a


standard KCl solution is measured and from the corresponding conductivity, ks, (Table 2510:I) a


cell constant, C, cm−1, is calculated:


 


Most conductivity meters do not display the actual solution conductance, G, or resistance, R;
rather, they generally have a dial that permits the user to adjust the internal cell constant to match
the conductivity, ks, of a standard. Once the cell constant has been determined, or set, the


conductivity of an unknown solution, 


ku = CGu 


will be displayed by the meter. 
Distilled water produced in a laboratory generally has a conductivity in the range 0.5 to 3


µmhos/cm. The conductivity increases shortly after exposure to both air and the water container. 
The conductivity of potable waters in the United States ranges generally from 50 to 1500


µmhos/cm. The conductivity of domestic wastewaters may be near that of the local water supply,
although some industrial wastes have conductivities above 10 000 µmhos/cm. Conductivity
instruments are used in pipelines, channels, flowing streams, and lakes and can be incorporated
in multiple-parameter monitoring stations using recorders. 


Most problems in obtaining good data with conductivity monitoring equipment are related to
electrode fouling and to inadequate sample circulation. Conductivities greater than 10 000 to 50
000 µmho/cm or less than about 10 µmho/cm may be difficult to measure with usual
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measurement electronics and cell capacitance. Consult the instrument manufacturer’s manual or
published references.1,5,6 


Laboratory conductivity measurements are used to:     
•  Establish degree of mineralization to assess the effect of the total concentration of ions on


chemical equilibria, physiological effect on plants or animals, corrosion rates, etc.     
•  Assess degree of mineralization of distilled and deionized water.     
•  Evaluate variations in dissolved mineral concentration of raw water or wastewater. Minor


seasonal variations found in reservoir waters contrast sharply with the daily fluctuations in
some polluted river waters. Wastewater containing significant trade wastes also may show a
considerable daily variation.     


•  Estimate sample size to be used for common chemical determinations and to check results of a
chemical analysis.     


•  Determine amount of ionic reagent needed in certain precipitation and neutralization reactions,
the end point being denoted by a change in slope of the curve resulting from plotting
conductivity against buret readings.     


•  Estimate total dissolved solids (mg/L) in a sample by multiplying conductivity (in micromhos
per centimeter) by an empirical factor. This factor may vary from 0.55 to 0.9, depending on the
soluble components of the water and on the temperature of measurement. Relatively high
factors may be required for saline or boiler waters, whereas lower factors may apply where
considerable hydroxide or free acid is present. Even though sample evaporation results in the
change of bicarbonate to carbonate the empirical factor is derived for a comparatively constant
water supply by dividing dissolved solids by conductivity.     


•  Approximate the milliequivalents per liter of either cations or anions in some waters by
multiplying conductivity in units of micromhos per centimeter by 0.01. 


b. Calculation of conductivity: For naturally occurring waters  that contain mostly Ca2+,


Mg2+, Na+, K+, HCO3
−, SO4


2−, and  Cl− and with TDS less than about 2500 mg/L, the


following  procedure can be used to calculate conductivity from measured  ionic concentrations.7


The abbreviated water analysis in Table 2510:II illustrates the calculation procedure. 
At infinite dilution the contribution to conductivity by different  kinds of ions is additive. In


general, the relative contribution of  each cation and anion is calculated by multiplying equivalent
conductances, λ°+ and λ°−, mho-cm2/equivalent, by concentration in  equivalents per liter and


correcting units. Table 2510:III contains  a short list of equivalent conductances for ions
commonly found  in natural waters.8 Trace concentrations of ions generally make  negligible
contribution to the overall conductivity. A temperature  coefficient of 0.02/deg is applicable to all


ions, except H+  (0.0139/deg) and OH− (0.018/deg). 
At finite concentrations, as opposed to infinite dilution, conductivity per equivalent decreases


with increasing concentration  (see Table 2510:I).  For solutions composed of one anion type and
one cation type, e.g., KCl as in Table 2510:I, the decrease in  conductivity per equivalent with
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concentration can be calculated,  ±0.1%, using an ionic-strength-based theory of Onsager.9


When  mixed salts are present, as is nearly always the case with natural  and wastewaters, the
theory is quite complicated.10 The following  semiempirical procedure can be used to calculate
conductivity for  naturally occurring waters: 


First, calculate infinite dilution conductivity (Table 2510:II,  Column 4): 


k° = ∑|zi|(λ°+i)(mMi) + ∑|zi|(λ°−i)(mMi) 


where: 
                |zi| =   absolute value of the charge of the i-th ion, 


            mMi =   millimolar concentration of the i-th ion, and 


    λ°+i, λ°−i =   equivalent conductance of the i-th ion. 


 


If mM is used to express concentration, the product, (λ°+)  (mMi) or (λ°−)(mMi), corrects the


units from liters to cm3. In this  case k° is 578.2 µmho/cm (Table 2510:II, Column 4). 
Next, calculate ionic strength, IS in molar units: 


IS = ∑zi
2(mMi)/2000 


The ionic strength is 15.33/2000 = 0.00767 M (Table 2510:II,  Column 5). 


Calculate the monovalent ion activity coefficient, y, using the  Davies equation for IS ≤ 0.5 M
and for temperatures from 20 to  30°C.9,11 


y = 10−0.5[IS1/2/(1 + IS1/2) − 0.3IS] 


In the present example IS = 0.00767 M and y = 0.91. 
Finally, obtain the calculated value of conductivity, kcalc, from: 


kcalc = k°y2 


In the example being considered, kcalc = 578.2 × 0.912 =  478.8 µmho/cm versus the reported


value as measured by the  USGS of 477 µmho/cm. 


For 39 analyses of naturally occurring waters,7,12 conductivities  calculated in this manner
agreed with the measured values to  within 2%. 
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2510 B.        Laboratory Method


1.  General Discussion
 See Section 2510A. 


2.  Apparatus
a. Self-contained conductivity instruments: Use an instrument capable of measuring


conductivity with an error not exceeding 1% or 1 µmho/cm, whichever is greater.


b. Thermometer, capable of being read to the nearest 0.1°C and covering the range 23 to
27°C. Many conductivity meters are equipped to read an automatic temperature sensor.


c. Conductivity cell:


1) Platinum-electrode type—Conductivity cells containing platinized electrodes are available
in either pipet or immersion form. Cell choice depends on expected range of conductivity.
Experimentally check instrument by comparing instrumental results with true conductivities of
the KCl solutions listed in Table 2510:I. Clean new cells, not already coated and ready for use,
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with chromic-sulfuric acid cleaning mixture [see Section 2580B.3a2)] and platinize the
electrodes before use. Subsequently, clean and replatinize them whenever the readings become
erratic, when a sharp end point cannot be obtained, or when inspection shows that any platinum
black has flaked off. To platinize, prepare a solution of 1 g chloroplatinic acid, H2PtCl6⋅6H2O,


and 12 mg lead acetate in 100 mL distilled water. A more concentrated solution reduces the time
required to platinize electrodes and may be used when time is a factor, e.g., when the cell
constant is 1.0/cm or more. Immerse electrodes in this solution and connect both to the negative
terminal of a 1.5-V dry cell battery.  Connect positive side of battery to a piece of platinum wire
and dip wire into the solution. Use a current such that only a small quantity of gas is evolved.
Continue electrolysis until both cell electrodes are coated with platinum black. Save platinizing
solution for subsequent use. Rinse electrodes thoroughly and when not in use keep immersed in
distilled water. 


2) Nonplatinum-electrode type—Use conductivity cells containing electrodes constructed
from durable common metals (stainless steel among others) for continuous monitoring and field
studies. Calibrate such cells by comparing sample conductivity with results obtained with a
laboratory instrument. Use properly designed and mated cell and instrument to minimize errors in
cell constant. Very long meter leads can affect performance of a conductivity meter. Under such
circumstances, consult the manufacturer’s manual for appropriate correction factors if necessary. 


3.  Reagents
a. Conductivity water: Any of several methods can be used to prepare reagent-grade water.


The methods discussed in Section 1080 are recommended.  The conductivity should be small
compared to the value being measured.


b. Standard potassium chloride solution, KCl, 0.0100M: Dissolve 745.6 mg anhydrous KCl
in conductivity water and dilute to 1000 mL in a class A volumetric flask at 25°C and store in a
CO2-free atmosphere. This is the standard reference solution, which at 25°C has a conductivity


of 1412 µmhos/cm. It is satisfactory for most samples when the cell has a constant between 1 and


2 cm−1. For other cell constants, use stronger or weaker KCl solutions listed in Table 2510:I.
Care must be taken when using KCl solutions less than 0.001M, which can be unstable because
of the influence of carbon dioxide on pure water. For low conductivity standards, Standard
Reference Material 3190, with a certified conductivity of 25.0 µS/cm ± 0.3 µS/cm, may be
obtained from NIST. Store in a glass-stoppered borosilicate glass bottle.


4.  Procedure
a. Determination of cell constant: Rinse conductivity cell with at least three portions of


0.01M KCl solution. Adjust temperature of a fourth portion to 25.0 ± 0.1°C. If a conductivity
meter displays resistance, R, ohms, measure resistance of this portion and note temperature.
Compute cell constant, C:
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 C, cm–1 = (0.001412)(RKCl)[1 + 0.0191(t − 25)] 


where: 
            RKCl =   measured resistance, ohms, and 


                  t =   observed temperature, °C. 


Conductivity meters often indicate conductivity directly. Commercial probes commonly
contain a temperature sensor. With such instruments, rinse probe three times with 0.0100M KCl,


as above. Adjust temperature compensation dial to 0.0191 C−1. With probe in standard KCl
solution, adjust meter to read 1412 µmho/cm. This procedure automatically adjusts cell constant
internal to the meter. 


b. Conductivity measurement: Thoroughly rinse cell with one or more portions of sample.
Adjust temperature of a final portion to about 25°C. Measure sample resistance or conductivity
and note temperature to ±0.1°C.


5.  Calculation
 The temperature coefficient of most waters is only approximately the same as that of


standard KCl solution; the more the temperature of measurement deviates from 25.0°C, the
greater the uncertainty in applying the temperature correction. Report temperature-compensated
conductivities as ‘‘µmho/cm  25.0°C.’’ 


a. When sample resistance is measured, conductivity at 25°C is:


 


where: 
                  k =   conductivity, µmhos/cm, 


                  C =   cell constant, cm−1, 
                Rm =   measured resistance of sample, ohms, and 


                  t =   temperature of measurement. 


b. When sample conductivity is measured without internal temperature compensation
conductivity at 25°C is: 
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where: 
                km =   measured conductivity in units of µmho/cm at t°C, and other units are defined as


above. 


For instruments with automatic temperature compensation and readout directly in µmho/cm
or similar units, the readout automatically is corrected to 25.0°C. Report displayed conductivity
in designated units. 


6.  Precision and Bias
 The precision of commercial conductivity meters is commonly between 0.1 and 1.0%.


Reproducibility of 1 to 2% is expected after an instrument has been calibrated with such data as
is shown in Table 2510:I. 
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Endnotes
1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1997.







